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DWA SEQUENCING BY MASS SPECTROMETRY 

Related Applications 

This application is a continuation-in-part of US, Application Serial Number 
08/617,010, which is a continuation-in-pan of U.S. Application Serial Number 
08/178,216, which issued as U.S. Patent No. 5,547,835, and which itself is a 
continuation-in-part of U.S. Application Serial Number 08/001*323 filed January 7, 1993, 
which is now abandoned. The contents of all related applications are incorporated herein 
by reference. 

Background oQhg Invention 

Since the genetic information if represented by the sequence of the four 
DN A building blocks deoxyadenosine- (dpA), deoxyguanosine- (dpG), deoxycytidine- 
(dpC) and dcoxythymidine-S'-phosphate (dpT), DNA sequencing is one of the most 
fundamental technologies in molecular biology and the life sciences in general. The ease 
and the me by which DNA sequences can be obtained greatly affects related 
technologies such as development and production of new therapeutic agenu and new and 
useful varieties of plants and microorganisms via recombinant DNA technology. In 
particular, unraveling the DNA sequence helps in understanding human pathological 
conditions including genetic disorders, cancer and AIDS. In some cases, very subtle 
differences such as a one nucleotide deletion* addition or substitution cad create serious, 
in some cases even fatal, consequences. Recently, DNA sequencing has become the core 
technology of the Human Genome Sequencing Project (e.g., J.B Bishop and M. 
Waldholz. 1991, Genome: The Slorv of the Most Agmnighfry Scientific Adyemin^f 
Our Time - The Attempt to Map All the Gcnei in the Human BnHy, Simon & Schuster, 
New York). Knowledge of the complete human genome DNA sequence wOl certainly 
help to understand, to diagnose, to prevent and to treat human diseases. To be able to 
tackle successfully the determination of the approximately 3 billion base pairs of the 
human genome in a reasonable time frame and in an economical way, rapid, reliable, 
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sensitive and inexpensive methods need 10 b developed, which also offer the possibility 
of automation. The present invention provides such a technology 

Recent reviews of today's methods together with future directions and 
trends are given by Banrell dhgJASEB Journal 5. 40-45 (1991)), and Trainor (Anal 
£^£2,418-26 (1990)). 

Currently, DNA sequencing b performed by either the chemical degradation 
method of Maxam and Gilbert (Methods in Enwrnologv fil 499-560 (1980)) or the 
enzymatic dideoxynudeotide termination method of Sanger et al (FroC. Natl* Acad. ScL 
JJSA 2& 5463-67 (1977)). In the chemical method, base specific modifications result in 
a base specific cleavage of the radioactive or fluorescently labeled DNA fragment. With 
the four separate base specific cleavage reactions, four sets of nested fragments are 
produced which are separated according to length by polyactylamide gd electrophoresis 
(PAGE). After autoradiography, the sequence can be read directly since each band 
(fragment) in the gel originates from a base specific cleavage event. Thus, the fragment 
lengths in the four "ladders" directly translate into a specific position in the DNA 
sequence. 

In the enzymatic chain termination method, the four base specific sets of 
DNA fragments are formed by starting with a primer/template system elongating the 
primer into the unknown DNA sequence area and thereby copying the template and 
synthesizing a complementary strand by DNA polymerases, such as Klenow fragment of 
£. cob DNA polymerase I a DNA polymerase from Thermus aquaUcus, Taq DNA 
polymerase, or a modified T7 DNA polymerase, Sequenase (Tabor erf al , Pro* Natl 
Ac*4 _ScL USA 24. 4767-4771 (1987)), in the presence of cham-termmating reagents. 
Here, the chain-terminating event is achieved by incorporating into the four separate 
reaction matures in addition to the four normal deoxynudeoade triphosphates, dATP, 
dGTP, dTTP and dCTP, only one of the cham-terminating dideoxynudeoside 
triphosphates, dd ATP, ddGTP, ddTTP or ddCTP, respectively, in a limiting small 
concentration. The four sets of resulting fragments produce, after electrophoresis, four 
base specific ladders from which the DNA sequence can be determined 

A recent modification of the Sanger sequencing strategy involves the 
degradation ofphosphorothioate^ontatning DNA fragments obtained by using alpha-thio 
dNTP Instead of the normally used ddNTPs during the primer extension reaction 
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mediated by DNA polymerase (Labeit€/<rf, EMS, 173-177 (1986); Amereham, PCT- 
Application GB86/00349; Eckstein erf., Nudein AddsKf* jfc 9947 (1988)). Here, 
the four sets of base-specific sequencing ladders are obtained by limited digestion with 
cxonuclcase III or snake venom phosphodiesterase, subsequent separation on P AGB and 
visualization by radioisotopic labeling of either the primer or one of the dNTPs. In a 
farther modification, the base-specific cleavage is achieved by alkylating the sulphur atom 
in the modified phosphodiester bond followed by a heat treatment (Max-Planclc- 
Gesellschaft, DE 3930312 Ai). Both methods can be combined with the amplification of 
the DNA via the Polymerase Chain Reaction (PGR). 

On the upfront end, the DNA to be sequenced has to be fragmented into 
sequencable pieces of currently not more than 500 to 1000 nucleotides. Starting fix>m a 
genome, this is a multi-step process involving cloning and subdoning steps using different 
and appropriate cloning vectors such as YAC, cosmids, pksmids and M13 vectors 
(Sambrook et aL % Molecular Cloning: A Laboratory Man. ml Cold Spring Harbor 
Laboratory Press, 1989). Finally, for Sanger sequencing, the fragments of about 500 to 
1000 base pairs are integrated into a specific restriction site of the repticative form I (Rp 
I) of a derivative of the M13 bacteriophage (Vieria and Messing, Gene 12, 259 (1982)) 
and then the double-stranded form is transformed to the single-stranded circular form to 
serve as a template for the Sanger sequencing process having a binding she for a 
universal primer obtained by chemical DNA synthesis (Sinha, Bierual, McManus and 
Koster, Nuckfc Arids Rftft U 4539-57 (1984); U.S. Patent No. 4725677 upstream of 
the restriction site into winch the unknown DNA fragment has been inserted. Under 
specific conditions, unknown DMA sequences integrated into superooiled double- 
stranded plasmid DNA can be sequenced directly by the Sanger method (Chen and 
Seeburg, mA± 165-170(1985)) and Urn eiaL. Gene Anal. Techn ? 32-39 (1988), 
and, with the Polymerase Chain Reaction (PCR) fPCR Protocols: A ton** tn M*tWc 
find Applications, Innis et aL 9 editors. Academic Press, San Diego (1990)) cloning or 
subdoning steps could be omitted by directly sequencing off chromosomal DNA by first 
amplifying the DNA segment by PCR and then applying (he Sanger sequencing method 
(Innis etaL. Proe Natl A«*i\ rift a flf oa^m^ ipgn^ In this case, however, 
the DNA sequenoe in the interested region most be known at least t the extent to bind a 
sequencing primer. 
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In order to be able to read the sequence from PAGE, detectable labels have 
to bo used in other the primer (very often at the 5'-end) or in one of the deoxynucleoside 
Triphosphates, dNTP. Using radioisotopes such as ' 2 P, 3 *P T or 5 S is still the most 
frequently used technique. After PAGE, the gels are exposed to X-ray films and silver 
grain exposure is analyzed. The use of radioisotopic labeling creates several problems. 
Most labels useful for autoradiographic detection of sequencing ftagements have 
relatively sbon half-lives which can limit the useful time of the labels. The emission high 
energy beta radiation, particularly from )2 ?> can lead to breakdown of the products via 
racfiolysis so that the sample should be used very quickly after labeling. In addition, high 
energy radiation can also cause a deterioration of band sharpness by scattering. Some of 

. • 33 « 35 c 

these problems can be reduced by using the less energetic isotopes such as for 5> 
(bee, eg., Ornstein ei a/., friptfechniques 1, 476 (1985)). Here, however, longer exposure 
times have to be tolerated. Above all, the use of radioisotopes poses significant health 
risks to the experimentalist and, in heavy sequencing projects, decontamination and 
handling the radioactive waste are other severe problems and burdens* 

In response to the above mentioned problems related to the use of 
radioactive labels, non-radioactive labeling techniques have been explored and, in recent 
years, integrated into partly automated DNA sequencing procedures. All these 
improvements utilize the Sanger sequencing strategy. The fluorescent label can be tagged 
to the primer (Smith ei aL Nature 22L 674-679 (1986) and EPO Patent Ko. 
87300998.9; Du Pont De Nemours EPO Application No. 035922$; Ansorge etaLL 
Rjochem Biophyg Methods 12, 325-32 (1986)) or to the cham-lenninating 
dideocynudoside triphosphates (Prober etaL faience 238. 336-41 (1987); Applied 
fiiosystems, PCT Application WO 91/05060). Based on either labeling the primer or the 
ddNTP, systems have been developed by Applied Btosysterns (Smith ei ul , £fl£D£S 22i 
G89 (19*7); U.S. Patent Nos. 570973 and 689013), Du Pom De Nemours (Prober ei al. 
Sflfeoa a& 53^-341 (1987); U.S. Patents Nos. 881372 and 57566), Pharmada-LKB 
(Ansorge ei <rf. KudaC ftgdfi Res 11 4593-4602 (1987) and EMBL Patent Application 
DEP3724442 and P3805808. 1) and Hitachi (JP 1-90B44 and DE 401 1991 Al). A 
somewhat similar approach was developed by Brumbaugh d aL (Proc Wall. Sri. USA 
£5, 5610-14 (1988) and U.S. Pal nt No. 4,729,947). An improved method for the Du 
Pont system using two electruphoretic lanes with two different specific labels per lane is 
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desciibcd (PCT Application WO92/02635). A different approach us s fluoresccmly 
labeled avidin and bioun labeled primers. Here, the sequencing ladders ending with btatm 
are reacted during electrophoresis with the labeled avidin which results in (he detection of 
the individual sequencing bands (Brumbaugh ef al> U.S. Patent No. 594676). 
5 More recently even more sensitive non-radioactive labeling techniques for 

DNA using diemiluminescence triggerable and amplifyaWe by enzymes have been 
developed {Beck, CTKeefe, Coull and Koster, Nucleic Aridsltes 17, 51 15-5123 (1989) 
and Beck and Ktater, Anal Chrm 6?. 2258-2270 (1990)). These labeling methods were 
combined with multiplex DMA sequencing (Church el aL Sctwira 240, 1 85- ] 88 (1988) to 

10 provide for a strategy aimed at higb throughput DNA sequencing (K&ter et a/.. 

Nucleic Acids Km Symposium Scr No 24 3 18-321 (1991), University of Utah, PCT 
Application No. WO 90/13883); this strategy still suffers from the disadvantage of being 
very laborious and difficult to automate. 

In an attempt to simplify DNA sequencing, solid supports have been 

15 introduced. In most cases published so far. the template strand for sequencing (with or 
without PGR amplification) is immobilized on a solid support most frequently utilizing 
the strong biotuwiwdin/strcptavtdin interaction (Orion-Yhtyma Oy, U.S. Patent No. 
277643; M. Uhlen etal. Nucleic Acids Rgs 16, 3025-38 (1988)- Ceinu Bioteknik, PCT 
Application No. WO 89/09282 and Medical Research Council, GB. PCT AppGcation No. 

20 WO 92/03575). The primer extension products synthesized on the immobilized template 
strand are purified of enzymes, other sequencing reagents and by-products by a washing 
step and then released under denaturutg conditions by loosing the hydrogen hands 
between the Watson-Crick base pairs and subjected to PAGE separation. In a different 
approach, the primer extension products (not the template) from a DNA sequencing 

25 reaction are bound to a solid support via biotin/avidin (Du Pont De Nemours, PCT 
Application WO 91/1 1 533). In contrast to the above mentioned methods, here, the 
interaction between biotin and avidin is overcome by employing denaturing conditions 
(forraamide/EDTA) to release the primer extension products of the sequencing reaction 
from the solid support for PAGE separation. As soCd supports, beads, (e g., magnetic 

30 beads (Dynabeeds) and Sepharose beads), filters, capillaries, plastic dipsticks (e.g., 
polystyrene strips) and microliter weQs are being proposed. 
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All methods discussed so far have one central step in common: 
polyacrylamide gd electrophoresis (PAGE), hi many instances, this represents a major 
drawback and limitation for each of these methods. Preparing a homogeneous gel by 
polymerization, loading of the samples, the electrophoresis itseir, detection of the 
5 sequence pattern (e.g., by autoradiography), removing the gel and cleaning the glass 
pistes to prepare another gel are very laborious and time-consuming procedures. 
Moreover, the whole process is error-prone, difficult to automate, and, in order to 
improve reproducibility and reliability, highly trained and skilled personnel are required. 
In the ease of radioactive labeling, autoradiography itself can consume from hours to 
10 days. In the case of fluorescent labeling, at least the detection of the sequencing bands is 
being performed automatically when using the laser-scanning devices integrated into 
commercial available DNA sequencers. One problem related to the fluorescent labeling is 
the influence of the four different base-specific fluorescent tags on the mobility of the 
fragments during electrophoresis and a possible overlap in the spectral bandwidth of the 
1 5 four specific dyes reducing the discriminating power between neighboring bands, hence, 
increasing the probability of sequence ambiguities. Artifacts are also produced hy base- 
specific interactions with the polyacrylamide gel matrix (Frank and Kostcr, Nucleic 
Acids Res. 6. 2069 (1979)) and by the formation of secondary structures which result in 
"band compressions" and hence do not allow one to read the sequence. This problem 
20 has. in part, been overcome by using 7-deazadeoxyguanosine triphosphates (Bbtt ei al , 
frmtechniqugs ± 428 (1986)). However, the reasons fior some artifacts and conspicuous 
bands are stiD under investigation and need further improvement of the gel 
electrophoretic procedure, 

A recent innovation in electrophoresis is capillary zone electrophoresis 
25 (CZE) (Jorgenson et al, T rt,Tn m ato g nmhv3S2. 337 (1986). Gesteland ei aL, 

Mudafi Acids Res 18. 1415-1419 (1990)) which, compared to slab gd electrophoresis 
(PAGE), significantly increases the resolution of the separation, reduces the time for an 
electrophoretic run and allows the analysis of very small samples. Here, however, other 
problems arise due to the miniaturization of the whole system such as wall effects and the 
30 necessity of higWy sensitive on-hoe detection methods. Compared to PAGE, another 
drawback is created by the feet that CZE is only a "one-lane* process, whereas m PAGE 
samples in multiple lanes can b electrophoresed simultaneously. 



WO 97/3WI 



PCT/US97AM394 



-7- 

Due to the severe limitations and problems related to having PAGE as an 
integral and central part in the standard DNA sequencing protocol, several methods have 
been proposed to do DNA sequencing without an elcctrophoretic step. One approach 
calls for hybridization or fragmentation sequencing (Bains, Bintechnnloey io. 757-58 
(1992) and Mirzabekov ei aj t% FEBS Letters 2 $6 r 118-122 (1989)) utilizing the Specific 
hybridization of known short oligonucleotides (e.g., octadeoxynudeotides which gives 
65,536 different sequences) to a complementary DNA sequence. Positive hybridization 
reveals a short stretch of the unknown sequence. Repeating this process by performing 
hybridizations with all possible octadeoxynudeotides should theoretically determine the 
sequence. In a completely different approach, rapid sequencing of DNA is done by 
unilaterally degrading one single, immobilized DNA fragment by an exonuclease in a 
moving flow stream and detecting the cleaved nucleotides by their specific fluorescent tag 
via laser excitation (Jett el «/, , J. Bmmnlemlar Structure & Pyn^iia % J01O09, 
(1989); United States Department ofEnergy, PCT Application No. WO 89y03432). In 
another system proposed by Hyman f Anal Binchem 423-436 (1988)), the 
pyrophosphate generated when the correct nucleotide is attached to the growing chain on 
a primer-template system is used to determine the DNA sequence. The enzymes used 
and the DNA are held in place by solid phases (DEAE-Sepharose and Sepharose) either 
by ionic interactions or by covalent attachment In a continuous flow-through system, the 
amount of pyrophosphate is determined via bioiuminescence (luciferase). A synthesis 
approach to DNA sequencing is also used by Tsien ei at (PCT Application No. WO 
91/06678). Here, the incoming dNTFs are protected at the 3'-end by various blocking 
groups such as acetyl or phosphate groups and are removed before the next elongation 
step, which makes this process very slow compared to standard sequencing methods. 
The template DNA is Immobilized on a polymer support. To detect incorporation, a 
fluorescent or radioactive label is additionally incorporated into the modified dKTP's 
The same patent application also describes an apparatus designed to automate the 
process. 

Mass spectrometry, in general, provides a means of "weighing" individual 
molecules by ionizing the molecules in vacuo and making them "fly" by volatilization. 
Under the influence of combinations of electric and magnetic fields, the ions follow 



WO 97/37041 



PCT/US97/U4394 



trajectories depending cm their individual mass (m) and charge (2). In the range of 
molecules with low molecular wrigfa, mass spectrometry has long been pan of the 
routine physical-organic repertoire for analysis and characterization of organic molecules 
by the determination of the mass of the parent molecular ion. in addition, by arranging 
S collisions of this parent molecular ion with other particles (e.g., argon atoms), the 

molecular ion is fragmented forming secondary ions by the so-called collision induced 
dissociation (ODD). The fragmentation pattern/pathway very often allows the derivation 
of detailed structural information. Many applications ofmass spectrometry methods in 
the known in the art, particularly in biosciences, and can be found summarized m 

10 Methods in EnTymoloyv . Vol 193: "Mass Spectrometry" (J. A. McCloskey, editor), 
1990, Academic Press, New York 

Due to the apparent analytical advantages ofmass spectrometry in 
providing high detection sensitivity, accuracy ofmass measurements, detailed structural 
information by CID in conjunction with an MS/MS configuration and speed, as well as 

1 5 on-line data transfer to a computer, there has been considerable interest in the use of 
mass spectrometry for the structural analysis of nucleic acids. Recent reviews 
summarizing this field include K. H. Schram, "Mass Spectrometry of Nucleic Acid 
Components, Biomedical Applications of Mass Spectrometry 1 ' 24. 203-287 (1990); and 
P.F. Crain, "Mass Spectroxxtetric Techniques in Nucleic Acid Research/ MfiSS 

20 ^p^mmgtrvRgviews & 505-554 (1990). The biggest hurdJe to applying mass 

spectrometry 10 nuddc acids is the difficulty of volatilizing these very polar biopotymers. 
Therefore, 'sequencing" has been limited to low molecular weight synthetic 
oligonucleotides by determining the mass of the parent molecular ion and through this, 
confirming the already known sapience, or alternatively, confirming the known sequence 

25 through the generation of secondary ions (fragment ions) via CID in an MS/MS 

configuration utilizing, in particular, for the ionization and volatilization, the method of 
fast atomic bombardment (FAB mass spectrometry) or plasma desorption (PD mass 
spectrometry). As an example* the application of FAB to the analysis of protected 
dimeric blocks for chemical synthesis of oEgodeoxynudeotides has been described 

30 (Raster et aL R^mftdicai Environmental Mass Spectrometry 04, 1 n~l 16 <19»7)). 
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Two more recent ionkatiotvdesorption techniques are electrospray/iun spray 
(ES) and matrix-assisted laser desorption/ionization (MALDI). ES mass spectrometry 
has beeo introduced by Fenn etal. (I Phvs Chem xg, 4451-59 (1984); PCT Application 
No. WO 90/14148) and current applications are summarized in recent review articles 
5 (R.D. Smith et aL, Anal. Chem. £2. 882-89 ( 1 990) and B Ardrey, Electrospray Mass 
Spectrometry, Spectroscopy Europe £10-18(1 992)). The molecular weights of the 
tetradecanudeotide d (CAT(3CC ATGGCATG) (SEQ ID NO: 1) {Covey et aL "The 
Determination of Protein, Oligonucleotide and Peptide Molecular Weights by lonspray 
Mass Spectrometry," Rapid Communications in Mass SpectromEtry 2, 249^256 (1988)), 

10 of the 2 1 -mer d( AAATTGTGC ACATCCTGC AGC) (SEQ ID NO:2) and without giving 
details of that of a tRNA with 76 nucleotides ^Methods in En^ymology , XS1, H Masa 
Spectrometry- (McCioskey, editor), p, 425, 1990, Academic Press, New Yurie) have 
been published As a mass analyzer, a quadrupolc is most frequently used. The 
determination of molecular weights in femtomole amounts of sample is very accurate due 

15 to the presence of multiple ion peaks which all could be used for the mass calculation. 

MALDI mass spectrometry, in contrast, can be particularly attractive when 
a time-of-ilight (TOF) configuration is used as a mass analyzer. Hie MALDl-TOF mass 
spectrometry has been introduced by Hillcnkarop et aL ("Matrix Assisted UV-Laser 
Desorpuon/lonization: A New Approach to Mass Spectrometry of Large Biomdecules," 

20 Biological Mm Swaaaaflq {BurUngame and McCloskey, editors), Elsevier Science 
Publishers, Amsterdam, pp. 49-60, 1990.) Since; m most cases, no multiple molecular 
ion peaks are produced with ihis technique, the mass spectra, in principle, look simpler 
compared to ES mass spectrometry. Although DNA molecules up to a molecular weight 
of 410,000 daltons could be desorbed and volatilized (Williams et a£, "Volatilization of 

25 High Molecular Weight DNA by Pulsed Laser Ablation of Frozen Aqueous Solutions," 
Sjasote, 256, 1 585-87 (1 989)), this technique has so far only been used to determine the 
molecular weights of relatively small oligonucleotides of known sequence, eg., 
oltgotbyraidyfic acids up to IB nucleotides (Huth-Fehrc *t at. , "Matrix- Assisted Laser 
Desorption Mass Spectrometry of Oligodeoxythymidylic Acids," 

30 Rapid Communications in Mass Spectrometry 6, 209-13 (1992)) and a double-stranded 
DNA of 28 base pairs (Williams et a/., Tmie-of-FHght Mass Spectrometry of Nuddc 
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Acids by Laser Ablation and Ionization from a Frozen Aqueous Matrix/ Rapid 
Communication* in Mass Spectrometry. 4, 348-351 (1990)). In one pubHcation (Huxb- 
Fehre etal, 1992 , supra), it was shown that a mixture of all the oHgothymidylic acids 
from n~12 to n^l 8 nucleotides could be resolved. 
5 In U. S. Patent No. 5,064,754, RNA transcripts extended by DNA both of 

which are complementary to the UNA to be sequenced are prepared by incorporating 

NTP's, tfNTP's and, as terminating nucleotides, ddNTP's which are substituted at the 5 - 

... * ^ . 12„ 13„ 14^ 

position of the sugar moiety with one or a combination of the isotopes C. C> C, 

*H, 2 II» 3 H, lG 0, 1? 0 and 18 0. The polynucleotides obtained are degraded to 3'- 
10 nucleotides, cleaved at the N-g}ycosidic linkage and the isotopically labeled 5- 

functionality removed by periodate oxidation and the resulting formaldehyde species 
determined by mass spectrometry. A specific combination of isotopes serves to 
discriminate base-specifically between internal nucleotides originating from the 
incorporation of NTP's and dNTFs and terminal nucleotides caused by linking ddNTP's 
15 to the end of the polynucleotide chain. A aeries of RNA/DNA fragments is produced, 
and in one embodiment, separated by electrophoresis, and, with the aid of the so-called 
matrix method of analysis, the sequence b deduced. 

In Japanese Patent No. 59-131909, an instrument is described which detects 
nucleic acid fragments separated other by electrophoresis, liquid chromatography or high 
20 speed gel filtration. Mass spectrometry detection is achieved by incorporating into the 
nucleic acids worn* which normally do not occur b DNA such as S, Br,I or Ag* Au, Pt, 
Os»Hg. The method however, is not applied to sequencing of UNA using the Sanger 
method. In particular, st does not propose a base-specific correlation of such elements to 
an individual ddNTP. 

25 PCT Application No. WO 89/12694 (Brennan et aL EtftE, SPIE-lnt. Soc, 

Opt Ene 1206, ^awTechnol. C ytnrn Mol Biol.V pp. 60-77 (1990); and Brennan, 

U.S. Patent No. 5,003,059) employs the Sanger methodology for DNA sequencing by 

32„ 33 ^ 34 p 36 e 35 ni 37_. 
using a combination of ehher the four stable isotopes S, S, 5, S or U f 

79 Br, * l fcr to specifically label the chain-teimitudhig ddNTP's. The sulfiir isotopes can 

30 be located cither in the base or at the alpha-position of the triphosphate moiety whereas 

the halogen isotopes are located either at the hase or at the 3'-position of the sugar ring 
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The sequencing reaction mixtures arc separated by on electrophoretic technique such as 
CZE, transferred to a combustion unit in which the sulfur isotopes of the incorporated 
ddNTP's are transformed at about 900°C in an oxygen atmosphere. The S0 2 generated 
with masses of 64, 65, 66 or 68 is determined on-fine by mass spectrometry using, e.g., as 
5 mass analyzer, a quadrupole with a single ion-multiplier to detect the ion current. 

A similar approach is proposed in U.S. Patent No. 5,002,868 (Jacobson ef 
*/., Prpc, SWIM. SCC. Qpt, Eng. 1435, (Pot Methods insensitive n^ri Anal 
Tech. Appl), 26-35 (1991)) using Sanger sequencing with four ddNTP's specifically 
substituted at the alpha-position of the triphosphate moiety with one of the four stable 

1 0 sulfur isotopes as d escribed above and suhsequ ent separation of the four sets of nested 
sequences by tube gel electrophoresis. The only difference is the use of resonance 
ionization spectroscopy (RJS) in conjunction with a magnetic sector mass analyzer as 
disclosed in U.S. Patent No. 4,442*354 to detect the sulfur isotopes corresponding tn the 
specific nucleotide terminators, and by this, allowing the assignment of the DNA 

15 sequence. 

EPO Patent Applications No. 0360676 Al and 0360677 Al also describe 

Sanger sequencing using stable isotope substitutions in the ddNTP's such as D, 1 J C, 

15 k. l8 « 3 2 0 33,. 34 n 36^ 19 35„, 37^, 79 81 127 
N, O, O, S, S. S, S, F, CI, CI. Br, Brand I or functional 

groups such as CF 3 or Si(CHj>j at the base, the sugar or the alpha position of the 

20 triphosphate moiety according to chemical functionality. The Sanger sequencing reaction 

mixtures are separated by tube gel electrophoresis. The effluent is converted into an 

aerosol by Che dectrospray/thermospray nebulizer method and then atomized and ionized 

by a hot plasma (7000 to 8000°K) and analyzed by a simple mass analyzer. An 

instrument is proposed which enables one to automate the analysis of the Sanger 

25 sequencing reaction mixture consisting of tube electrophoresis; a nebulizer and a mass 

analyzer. 

The application of mass spectrometry to perform DNA sequencing by the 
hybrid tzati on/fragment method (see above) has been recently suggested (£ains> "DNA 
Sequencing by Mass Spectrometry: Outline of a Potential Future Application, M 
30 Clriraicaqg gj & 13- 16 (1 991 )). 
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Surrinv > p' ftFt>w 1nvgntifln 

The invention describes a new method to sequence DN A- The 
improvements over the existing DNA sequencing technologies include high speed, high 
throughput, no required electrophoresis (and, thus, no gel reading artifacts due to the 

H complete absence of an electrophoretic step), and no costly reagents involving various 
substitutions with stable isotopes. The invention utilizes the Sanger sequencing strategy 
and assembles the sequence information by analysis of the nested fragments obtained by 
base-specific chain termination via their different molecular masses using mass 
spectrometry, for example, MALDi or ES mass spectrometry. A further Increase in 

1 0 throughput can be obtained by introducing mass modifications in the oligonucleotide 
primer, the cham-teminaiing nucleoside triphosphates and/or the chain-elongating 
nucleoside triphosphates, as wen as using integrated tag sequences which allow 
multiplexing by hybridization of tag specific probes with mass differentiated molecular 
weights. 

15 

Tfrirf Dfiamttion ofJhfi SGUKBS 

FIGURE 1 is a representation of a process to generate the samples to be 
analyzed by mass spectrometry. This process entails insertion of a DNA fragment of 
unknown sequence into a cloning vector such as derivatives of M13, pUC or phagemids; 

20 transforming the double-stranded form into the single-stranded form; performing the four 
Sanger sequencing reactions; Unking the base-specifically terminated nested fragment 
family temporarily to a solid support; removing by a washing step all by-products; 
conditioning the nested DNA or RNA fragments by, for example, cation-ion exchange or 
modification reagent and presenting the immobilized nested fragments either directly to 

25 mass spectrometric analysis or cleaving the purified fragment family off the support and 
evaporating the cleavage reagent. 

FIGURE 2A shows the Sanger sequencing products using ddTTP as 
terrmnating deoxynucleoside triphosphate of a hypothetical DNA fragment of 50 
nucleotides (SEQ ID N03) in length with approximately equally balanced base 

30 composition. The molecular masses of the various chain terminated fragments are given. 
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FTGURE 2B shows an idealized mass spectrum of such a DNA fragment 

mixture. 

FIGURES 3A and 3B show, in analogy lo FIGURES 2A and 2B. data for 
the same model sequence (SEQ ID NO;3) with dd ATP as chain terminator. 

FIGURES 4 A and 4B show data, analogous to FIGURES 2A and 2B 
when ddGTP is used as a chain terminator for the same model sequence (SEQ ID NO:3). 

FIGURES SA and 5B illustrate the results obtained where chain 
termination is performed with ddCTP as a chain terminator, in a similar way as shown in 
FIGURES 2A and 2B for the same model sequence (SEQ ID NO:3). 

FIGURE 6 summarizes the results of FIGURES 2 A to SB, showing die 
correlation of molecular weights of the nested four fragment families to (he DNA 
sequence (SEQ ID NO:3). 

FIGURE 7 illustrates the general structure of mass-modified sequencing 
nucleic acid primers or tag sequencing probes for other Sanger DNA or Sanger RNA 
sequencing. 

FIGURE 8 shows the general structure for the mass-modified 
triphosphates for either Sanger DNA or Sanger RNA sequencing. General formulas of 
the chain-elongating and the chain-terminating nucleoside triphosphates are 
demonstrated. 

FIGURE 9 outlines various linking chemistries (X) with either 
polyethylene glycol or terminally raonoaflcylated polyethylene glycol (R) as an example. 

FIGURE 10 illustrates simitar linking chemistries as shown in FIGURE 8 
and depicts various mass modifying moieties (R). 

FIGURE 11 outlines how multiplex mass spectrometry sequencing can 
work using the mass-modified nucleic add primer (UP). 

FIGURE 12 shows the process of multiplex mass spectrometry 
sequencing employing massr-modificd chain-elongating and/or terminating nucleoside 
triphosphates. 

FIGURE 13 shows multiplex mass spectrometry sequencing by involving 
the hybridisation of mass-modified tag sequence specific probes. 
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FIGURE 14 shows a MALD1-TOF spectrum cf a mixture of 
oligothyiziidyiic acids, d{pT) 

FIGURE IS shows a superposition of MALDMOF spectra of the 50-mer 
d(TAACGCTCATTACGGCCATTGACTGTAGGACCTGCATTACATGACTAGCT) 
(SEO ID NO;3) (500 fmol) and dT(pdT) 99 (500 fmol). 

FIGURE 16 shows the MALDT-TOF spectra of all 13 DNA sequences 
representing the nested dT-terrainated fragments of Ihe Sanger DNA sequencing 
simulation of Figure 2. 500 fmol each. 

FIGURE 17 shows the superposition of the spectra of FIGURE 16. The 
two panels show two different scales and the spectra analyzed at that scale 

FIGURE IS shows the superimposed MALDT-TOF spectra from MALDI- 
MS analysis of mass-modified oligonucleotides as described in Example 21. 

FIGURE 1 9 illustrates various linking chemistries between the solid 
support (P) and the nucleic acid primer (NA) through a strong electrostatic interaction 

FIGURE 20 illustrates various linking chemistries between the solid 
support (P) and the nucleic acid primer (NA) through a charge transfer complex of a 
charge transfer acceptor (A) and a charge transfer donor (D). 

FIGURE 21 illustrates various linking chemistries between the solid 
support (P) and the nucleic acid primer (NA) through a stable organic radical. 

FIGURE 22 illustrates a possible linking chemistry between the solid 
support (P) and the nucleic acid primer (NA) through Watson-Crick base pairing. 

FIGURE 23 illustrates linking the solid support (P) and the nucleic acid 
primer (NA) through a photolytically deavable bond. 

FIGURE 24 show the portion of the sequence of pRFcl DNA, which 
was used as template for PCR amplification of unmodified and 7-deazapurine containing 
99-mer and 200-tner nucleic adds as well as the sequences of the 19-mer primers and the 
two 18-mer reverse primers 

FIGURE 25 shows the portion of the nucleotide sequence of M13tnpl8 
RJl dna, which was used for PCR amplification of unmodified and 7-deazapurine 
containing 103-mer nudeic adds. Also shown arc uudeotide sequence* ofihe 17-raer 
primers used in the PCR. 
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FIGURE 26 shows the result of a polyacrylaraide gel electrophoresis of 
PGR products purified and concentrated for MALDI-TOF MS analysis. M: chain length 
marker, lane 1: 7-deazapurine containing 99-mer PCR product, lane 2; unmodified 99- 
mer, lane 3: 7-deazapurine containing 103-mer and Jane 4: unmodified 103-mer PCR 
S product. 

FIGURE 27 : an autoradiogram of polyacrylamide gel electrophoresis of 
PCR reactions carried out with 5 4 -f Relabeled primers 1 and 4. Lanes 1 and 2: 
unmodified and 7 -deazapurine modified 103-mer PCR product (S332 1 and 23520 
counts), lanes 3 and 4: unmodified and 7-deazapurine modified 200-mer (71123 and 
10 39582 counts) and lanes 5 and 6: unmodified and 7-deazapurine modified 99-iner 
(173216 and 94400 counts). 

FIGURE 28: a) MALDI-TOF mass spectrum of the unmodified 103-mer 
PCR products (sum of twelve angle shot spectra). The mean value of the masses 
calculated for the two angle strands (31768 u and 31759 u) is 3 1763 ll Mass resolution: 
15 18. b) MALDI-TOF mass spectrum of 7-deazapurine containing 103-mer PCR product 
(sum of three single shot spectra). The mean value of the masses calculated for the two 
single strands (3 1 727 u and 3 1 7 19 u) is 3 1723 u. Mass resolution: 67. 

FIGURE 29: a) MALDI-TOF mass spectrum or the unmodified 99-mer 
PCR product (sum of twenty single shot spectra). Values of the masses calculated for the 
20 two single strands. 3026 1 u and 30794 u. b) MALDI-TOF mass spectrum of the 7- 

deaza purine containing 99-mcr PCR product (sum of twelve single shot spectra). Values 
of the masses calculated for the two single strands: 30224 u and 307SO u. 

FIGURE 30: a) MALDI-TOF mass spectrum of the unmodified 200-mer 
PCR product (sum of 30 single shot spectra) The mean value of the masses calculated 
25 for the two single strands (61 873 u and 6 1 595 u) is 61734 u. Mass resolution: 28 b) 

MALDI-TOF mass spectrum of 7-deazapurine containing 200-mer PCR product (sum of 
30 single shot spectra). The mean value of the masses calculated for the two single 
_ strands (6 1 772 u and 6 15 14 u) is 61643 u. Mass resolution: 39. 

FIGURE 3 1 : a) MALDI-TOF mass spectrum of 7-deazapurine containing 
30 1 00-mer PCR product with ribomodified primers. The mean value of die masses 

calculated for the two single strands (30529 u and 31095 u) is 30812 u b) MALDI-TOF 
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ntass spectrum of the PCR-product after hydrolytic primer-cleavage. The mean value of 
the masses calculated for the two single strands (25 104 u and 25229 u) is 25 1 67 u The 
mean value of the cleaved primer* (5437 u and 59 18 u) is 5677 u. 

FIGURE 32 A-D shows the MALDI-TOF mass speciruin of the four 
sequencing ladders obtained from a 39-mer template (SEQ. ED. No. 13), which was 
immobilized to streptavidin beads via a 3' biotinylation. A 14-mer primer (SEQ. ID. NO. 
14) was used in the sequencing. 

FIGURE 33 shows a MALDI-TOF mass spectrum of a solid state 
sequencing of a 7K-mcr template (SEQ. ID. No. 15), which was immobilized to 
streptavidin beads via a 3 1 biotinylation. A 18-mer primer (SEQ ID No 16) and ddGTP 
were used in the sequencing. 

FIGURE 34 shows a scheme in which duplex DNA probes with single- 
stranded overhang capture specific DNA templates and also serve as primers for solid 
state sequencing. 

FIGURE 35A-D shows MALDI-TOF mass spectra obtained from a 5' 
fluorescent labeled 23-mer (SEQ. ID. No. 19) annealed to an 3' biotinjrlated 18-mer 
(SEQ. ID. No. 20) f leaving a 5-base overhang, which captured a 1 5-mer template (SEQ 
ID. No 21). 

FIGURE 36 shows a stacking Ourogram of the same products obtained 
from the reaction described in FIGURE 3 5, but run on a conventional DNA sequencer. 

Detailed Description of thft Invention 

Thf 8 invention describes an improved method of sequencing DNA In 
particular, this invention employs mass spectrometry to analyze the Sanger sequencing 

reaction mixtures. 

In Sanger sequencing, four families of chain-terminated fragments are 
obtained. The mass difference per nucleotide addition is 289. 1 9 for dpC 313.21 for dpA, 
329.21 for dpG and 304.2 for dpT r respectively. 

In one embodiment, through the separate determination of the molecular 
weights of the four base-specifically terminated fragment families, the DNA sequence can 
be assigned via superposition <e.g., interpolation) of the molecular weight peaks of the 
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four individual experiments. In another embodiment, the molecular weights of the four 
specifically terminated fragment &cxdLics can be determined simultaneously by MS, either 
by mixing the products of all four reactions run in a least two separate reaction vessels 
(i.e., all run separately, or two together, or three together) or by running one reaction 
having all four chain-terminating nucleotides (eg, a reaction mixture comprising dTTP, 
ddTTP, dATP, ddATP, dCTP, ddCTP, dGTP, ddGTP) in one reaction vessel. By 
simultaneously analyzing all four base-specifically terminated reaction products, the 
molecular weight values have been, in eflfect, interpolated. Comparison of the mass 
difference measured between fragments with the known masses of each chain-terminating 
nucleotide allows the assignment of sequence to be carried oul Tn some instances, it may 
be desirable to mass modify, a* discussed below, the diain -terminal ing nucleotides so as 
to expand the difference to molecular weight between each nucleotide. It will be apparent 
to those skilled in the art when mass-modification of the chain-terminating nucleotides is 
desirable and can depend, for instance, on the resolving ability of the particular 
spectrometer employed. By way of example, it may be desirable to produce four chain- 
terminating nucleotides, ddTTP, ddCTP 1 . ddATP 2 and ddGTP 3 where ddCTp\ 
ddATP and ddGTP 3 have each been mass-modified so as to have molecular weights 
resolvable from one another by the particular spectrometer being used. 

The terms chain-elongating nucleotides and chain-terminating nucleotides 
are well known in the art. For DNA, chain-elongating nucleotides include 
2*-deoxyribonudeotide* and chain-terminating nucleotides include 
2\ 3'-dideoxyrfronucleotide3. ForRNA, cham-dongating nucleotides include 
ribonucelotidfia and cham-terminating nucleotides include J'-deoxyribonudeotides The 
term nucleotide is also well known in the art For the purposes of this invention, 
nucleotides include nucleoside mono-, di-, and triphosphates. Nucleotides also include 
modified nucleotides such as phosphorothioate nucleotides. 

Since mass spectrometry is a serial method, in contrast to currently used 
slab gel electrophoresis which allows several samples to be proces sed in parallel in 
another embodiment of this invention, a further improvement can be achieved by 
multiplex mass spectrometry DNA sequencing to allow simultaneous sequencing of more 
than one DNA or RNA fragment. As described in more detail below, the range of about 
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300 cross units between one nucleotide addition can be utilized by employing either mass- 
modified nucleic acid sequencing primers or chain-elongating and/or terminating 
nucleoside triphosphates 50 as to shift the molecular weight of the base-specifically 
terminated fragments of a particular DNA or RNA species being sequenced in a 
predetermined manner. For the first time, several sequencing reactions can be mass 
spectrometrically analyzed in parallel. In yet another embodiment of this invention, 
multiplex mass spectrometry DNA sequencing can be performed by mass modifying the 
fragment families through specific oligonucleotides (tag probes) which hybridize to 
specific tag sequences within each of the fragment families. In another embodiment, the 
tag probe can be covalently attached to the individual and specific tag sequence prior to 
mass spectrometry. 

Preferred mass spectrometer formats for use in the invention are matrix 
assisted laser desorption ionization (MALD1), electrospray (ES), ion cyclotron resonance 
(ICR) and Fourier Transform. For ES, the samples, dissolved in water or in a volatile 
buffer, are injected either continuously or discontinuously into an atmospheric pressure 
ionization interface (APT) and then mass analyzed by a quadrupole. The generation of 
multiple ion peaks which can be obtained using ES mass spectrometry can increase the 
accuracy of the mass determination. Even more detailed information on the specific 
structure can be obtained using an MS/MS quadrupole configuration 

In MALDl mass spectrometry, various mass analyzers can be used, e.g., 
magnetic sector/magnetic deflection instruments in single or triple quadrupole mode 
(MS/MS), Fourier transform and thne-of-Qight (TOF) configurations as is known in the 
an of mass spectrometry. For the desorptionfionization process, numerous matrix/laser 
combinations can be used. Ion-trap and reflectron configurations can also be employed. 

In one embodiment of the invention, the molecular weight values of at 
least two base-specifically terminated fragments are determined concurrently using mass 
spectrometry. The molecular weight values of preferably at least five and more 
preferably at least ten base-specifically terminated fragments are determined by mass 
spectrometry. Also included in the invention are determinations of the molecular weight 
values f at least 20 base-specifically terminated fragments and at least 30 base- 
specifically terminated fragments. Further, the nested base-specifically terminated 
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fragmenu in a specific set can be purified of all reactaxxts and by-products but are not 
separated from one another. The entire set of nested base-specifically terminated 
fragments is analyzed concurrently and the molecular weight values are determined. At 
least two base-specifically terminated fragments are analyzed concurrently by mass 
spectrometry when die fragments are contained in the same sample. 

In general, the overall mass spectrometric DNA sequencing process will 
start with a libray of small genomic fragments obtained after first randomly or 
specifically cutting the genomic DNA into large pieces which then, in several subcloning 
steps, are reduced in size and insetted into vectors like derivatives of M13 or pUC (eg., 
Ml3mpI8 or M13mpl9) (see FIGURE 1). In a different approach, the fragments 
inserted m vectors, such as Ml 3, are obtained via subcloning starting with a cDNA 
library. In yet another approach, the DNA fragments to be sequenced are generated h> 
the polymerase chain reaction (e.g., Higuchi etai., "A General Method of in vitro 
Preparation and Mutagenesis of DNA Fragments: Study of Protein and DNA 
Interactions." NvtClejc Aci<fe Rfif? , lfi, 735 1-67 ( 1 9g8)). As is known in the art, Sanger 
sequencing can start from one nucleic acid primer (UP) binding to the plus-strand or from 
another nucleic acid primer binding to the opposite minus-strand. Thus, either the 
complementary sequence of both strands of a given unknown DNA sequence can be 
obtained (providing for reduction of ambiguity in the sequence determination) or the 
length of the sequence information obtainable from one done can be extended by 
generating sequence information from both ends of the unknown vector-inserted DNA 
fragment. 

The nucleic acid primer carries, preferentially at the S'-end, a linking 
functionality, L, which can include a spacer of sufficient length and which can interact 
with a suitable functionality, V, on a solid support to form a reversible linkage such as a 
photodeavable bond. Since each of the four Sanger sequencing families starts with a 
nucleic acid primer (L-UP; FIGURE 1) this fragment family can be bound ro the solid 
support by reacting with functional groups, L', on the surface of a solid support and then 
intensively washed to remove all buffer sails, triphosphates, enzymes, reaction by- 
products, etc Furthermore, for mass spectrometric analysis, it can be of importance at 
this stage t exchange the cation at the phosphate backbone of the DNA fragments in 



WO 97/37041 



FCTAJS07JO4394 



-20- 

order to eliminate peak broadening due to a heterogeneity in the cations bound per 
nucleotide unit. Since the L-U linkage is only of a temporary nature with the purpose to 
capture me nested Sanger DNA or RNA fragments to properly condition them for mass 
spectrometric analysis, there are different chemistries which can serve this purpose. In 
5 addition to the examples given in which the nested fragments are coupled covalemly to 
the solid support, washed, and cleaved off the support for mass spectrometry analysis, 
the temporary linkage can be such that it is cleaved under the conditions of mass 
'spectrometry, Le., a photocleavablc bond such as a charge transfer complex or a stable 
organic radical Furthermore, the linkage can be fenned with L' being a quaternary 
10 ammonium group (some examples arc given in FIGURE 19). In this case, preferably, the 
surfece of the solid support carries negative charges which repel the negatively charged 
nucleic acid backbone and thus facilitates desorption. Desorption will take place either 
by the heat created by the laser pulse and/or, depending on L.' by specific absorption of 
laser energy which is in resonance with theL' chromophore (see, e.g., examples given in 
1 5 FIGURE 1 9). The fiincttonalities. L and I./ can also form a charge transfer complex and 
thereby form the temporary L-L' linkage Various examples for appropriate 
fimctionalities with cither acceptor or donate* properties are depicted without limitation 
in FIGURE 20. Since in many cases the "charge-transfer band" can be determined by 
UV/vis spectrometry (see eg. PTpmir. Ch*r%* Transfer Complexes by R. Foster, 
20 Academic Press, 1969), the laser energy can be tuned to the corresponding energy of the 
charge^transfer wavelength and. thus, a specific desorption off the solid support can be 
initiated. Those skilled in the art will recognize that several combinations can serve this 
purpose and that the donor fijnehonanty can be either on the solid support or coupled to 
the nested Sanger DNA/RNA fragments or vice versa 
25 In yet another approach, the temporary linkage L-L" can be generated by 

homolyucalJy fanning relatively stable radicals as exemplified in FIGURE 21. In example 
4 of FIGURE 21, a combination of the approaches using charge-transfer complexes and 
stable organic radicals is shown. Here, the nested Sanger DNAWA fragments are 
captured via the formation of a charge transfer complex. Under the influence of the laser 
30 pulse, desorption (as discussed above) as well as ionization wul take place at the radical 
position, in the other examples of FIGURE 21 under the influence of the laser pulse, the 
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L-L' linkage will be cleaved and the nested Sanger DNA/RNA fragments desorbed and 
subsequently iamzed at the radical position fanned. Those skilled in the art will 
recognize that other organic radicals can be selected and that, in relation to the 
dissociation energies needed to homolytically cleave the bond between them, a 
5 corresponding laser wavelength can be selected (see e.g k Reactive Molecules by C. 
Wentnip, John Wiley & Sons, 1984). In yet another approach, the nested Sanger 
DNA/RNA fragments are captured via Watson-Crick base pairing to a solid support- 
bound oligonucleotide complementary to either the sequence of the nucleic acid primer or 
the tag oligonucleotide sequence (see FIGURE 22), The duplex formed will be cleaved 

1 0 under the influence of the laser pulse and desorption can be initiated. The solid support- 
bound base sequence can be presented through natural oligoribo or 
oUgodeoxyribonudeotide as well as analogs (e.g. thio-modified phosphodiester or 
phosphotriester backbone) or employing oligonucleotide mitnetics such as PNA analogs 
(see e-g. Nielsen ei o/.. Socman 254, 1497 (1991)) which render fee base sequence less 

1 5 susceptible to enzymatic degradation and hence increases overall stability of the solid 

support-bound capture base sequence. With appropriate bonds, L-L', a cleavage can be 
obtained directly with a laser tuned to the energy necessary for bond cleavage. Thus, the 
immobilized nested Sanger fragments can be directly ablated during mass spectrometry 
analysis. 

20 Prior to mass spectrometry analysis, it may be useful to "condition" 

nucleic acid molecules, for example to decrease the laser energy required for volatization, 
to minimize fragmentation or to otherwise increase the sensitivity of mass spectrometeric 
detection. For example, nucleic acids can be "conditioned" by adding positive or 
negative charges, i.e. charge tags (CTs). CTs increase the mass spectrometer detection 

25 sensitivity by increasing the degree of ionization during the mass spectrometry 

(e.gJMALDI) process. A CT can be linked either to the external 3 r or 5 1 position or 
internally e.g. ai the T position or at the base, e.g. at C-5 in uradl. Co methyigroup of 
thymine, C-5 at cytosine, at C' or C* of guanine, adenine and hyposcamhxne or at the 
phosphate ester moiety. Charge tags, CTs, can {unction molecules with permanent Ti e. 

30 pH-independent) ionization, such as: 

Me. 
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or molecules which generate a positive charge upon MALD1 and which are stabilized by 
derealization of the positive charge by mesomeric effects in unsaturated and/or aromatic 
systems such as: • — 



wherein, R, R 1 . R 1 = HLOAl (wherein Al- e g. lower alkyl, methyl, 
ethyl, propyl), N0 2 . CN. COjH, CO, active ester, or 
10 halogen; and 

X - -0-. -S-, C=0, OCO either in the para or tneta 

position. 

For example, the positive charge of a trityl cation is produced during MALDI by the 
15 removal of a moiety such as: -OR, where R = a lower alkyl, or an anion such as CO/, 
SMY.BFyDndthe like. 

In an alternative scheme, the trityl group is used to anchor the 
oligonucleotide to a solid support via the tertiary carbon and this bond is cleaved during 
20 mass spectrometry (e.g MALDI), leaving a positive charge on the desorbing and high 



vacuum flying oligonucleotide. ig) . 




25 One of skill in the art can readily appreciate several variations to the schemes described 
above. In addition to employing the charge tag array alone, one of skill in the art can 
employ a charge tag array in conjunction with another conditioning means. Particularly 
preferred means to be used in conjunction with the CT include treating the 
phosphodiester bond with trialkylalyl halides or the phosphomonothiodiester bond with 

30 alkyliodides to render the polyaniomc backbone neutral. 
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Another example of conditioning is modification of the phosphodiester 
backbone of the nucleic add molecule (e.g. cation exchange), which can be useful for 
eliminating peak broadening due to a heterogeneity in the cations bound per nucleotide 
unit. In addition, a nucleic acid molecule can be contacted with an alkylating agem such 
S as alkyiiodide, iodoacetamide, P-iodoethanol, or 2,3-epoxy-l-propanol, the rnonothio 
phosphodiester bonds of a nucleic acid molecule can be transformed into a 
phosphotriester bond. Likewise, phosphodiester bonds may be transformed to uncharged 
derivatives employing trialkylsilyl chlorides. Further conditioning involves incorporating 
nucleotides which reduce sensitivity for depurinatton (fragmentation during MS) such as 

10 N7- or N9-deazapurine nucleotides, or RNA building blocks or using oligonucleotide 
triesters or incorporating phusphorothioate functions which arc alkylated or employing 
oligonucleotide miroetics such as PNA. 

Modification of the phosphodiester backbone can be accomplished by, for 
example, using alpha-thio modified nucleotides for chain elongation and termination. 

1 5 With alkylating agents such as akyljodidcs, iodoacetamide, p-iodoethanol, 2,3-epoxy-l- 
propanoi (see FIGURE 10), the rnonothio phosphodiester bonds of the nested Sanger 
fragments are transformed into phosphotriester bonds. Multiplexing by mass 
modification in this case is obtained by mass-modifying the nucleic acid primer (UP) or 
the nucleoside triphosphates at the sugar or the base moiety. To those skilled in the art, 

20 other modifications of the nested Sanger fragments can be envisioned. In one 

embodiment of the invention, die finking chemistry allows one to cleave off the so- 
purified nested DN A enzymaticauy, chenucaBy or physically. By way of example, the t 
V chemistry can be of a type of disulfide bond (chemically deavable, for example, by 
mercaptoethanol or dithiaerythrol), a biotin/streptavidb system, a heterobifunctionaJ 

25 derivative of a triiyf ether group (Kdster *( at, "A Versatile Acid-Labile Linker for 

Modification of Synthetic BiotnoleculeC Tt^hedmnl^f^ & 7095 (1 990)) which 
can be cleaved under mildly acidic conditions, a levulinyl group deavable under almost 
neutral conditions with a hydraztoium/acetate buffer, an arginmc-arginine or lysine-lysine 
bond deavable by an endopeptidase enzyme Eke trypan or a pyrophosphate bond 

30 deavable by a pyrophosphatase, a photodeavable bond which can be, for example, 
physically cleaved and the like (see, e g., FIGURE 23). Optionally, another cation 



WO 97/37041 



PCT/US97AI4394 



-24- 

exchange can be performed prior to mass spectrometry analysis. In the instance thai an 
enzyme-cieavable bond is utilized to Immobilize the nested fragments, the enzyme used to 
cleave the bond can serve as an internal mass standard during MS analysis. 

The purification process and/or ion exchange process can be carried out by 
a number of other methods instead of, or in conjunction with, immobilization on a solid 
support. For example, the base-specifically terminated products can be separated from 
the reactants by dialysis, filtration (including ultrafiltration), and chromatography. 
Likewise, these techniques can be used to exchange the cation of the phosphate backbone 
with a counter-ion which reduces peak broadening. 

The base-specifically terminated fragment families can be generated by 
standard Sanger sequencing using the Large Klenow fragment of R coli DNA 
polymerase I, by Sequenase, Taq DNA polymerase and other DNA polymerases suitable 
for thte purpose, thus generating nested DNA fragments for the mass spectrometry 
analysis. It is, however, part of this invention that base-specifically terminated RNA 
transcripts of the DN A fragments to be sequenced ran also be utilized for mass 
spectrometry sequence determination, in this case, various RNA polymerases such as 
the SP6 or the T7 RNA polymerase can be used on appropriate vectors containing, for 
example, the SP6 or the T7 promoters (eg. Axelrod e$ al, Transcription from 
Bacteriophage T7 and SP6 RNA Polymerase Promoters in the Presence of 3'- 
Deoxyribonudeoside S'-triphosphaie Chain Tenninators," PioriiHTOirtry 2d, 57 16-23 
(1985)). In this case, the unknown DNA sequence fragments are inserted downstream 
from wich promoters Transcription can also be initiated by a nucleic acid primer (Pitullc 
ex aL . "Initiator Oligonucleotides for the Combination of Chemical and Enzymatic RNA 
Synthesis," Gene 112 . 101-105 (1992)) which carries, as one embodiment of this 
invention, appropriate Unking functionalities, U which allow the immobilization of the 
nested RNA fragments, as outlined above, prior to mass spectromeuic analysis for 
purification and/or appropriate modification and/or conditioning. 

For this immobilization process of the DNA/EtN A sequencing products for 
mass spectrometry analysis, various solid supports can be used e g , beads (silica gel, 
controlled pore glass, magnetic beads, SepbadexASepharose beads, cellulose beads, etc.), 
capillaries, glass fiber filters, glass surfaces, metal surfaces or plastic material. Examples 
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of useful plastic materials include membranes in filter or microliter plate formats, the 
latter allowing the automation of the purification proem by employing nucrotirer pktes 
which, as one embodiment of the invention, cany a permeable membrane in the bottom of 
the well liinctioiialized with L\ Membranes can be based on polyethylene, polypropylene, 
5 polyamide; polyvinylidenedifluoride and the like. Examples of suitable metal surfaces 
include steel, gold, silver, aluminum, and copper. After purification, cation exchange, 
and/or modification of the pho&phodiester backbone of the L-L' bound nested Sanger 
fragments, they can be cleaved off the solid support chemically, etttym&ticaUy or 
physically. Also, the L-L' bound fragments can be cleaved from the support when they 

10 are subjected to mass spectrometry analysis by using appropriately chosen L-L' linkages; 
and corresponding laser energies/intensities as de$cribed above and in FIGURES 19-23. 

The highly purified, four base-specifically terminated DNA or RNA 
fragment families are then analyzed with regard to their fragment lengths via 
determination of their respective molecular weights by MALDI or ES mass spectrometry. 

15 For ES, the samples, dissolved m water or in a volatile buffer, are injected 

either continuously or discontinuously into an atmospheric pressure ionization interface 
(API) and then mass analyzed by a quadnipok. With the aid of a computer program, the 
molecular weight peaks are searched for the known molecular weight of the nucleic acid 
primer (UP) and determined which of the four d win-terminating nucleotides has been 

20 added to the UP. This represents the first nucleotide of the unknown sequence. Then, 
the second* the third, the n extension product cm be identified in a similar manner and, 
by this, the nucleotide sequence is assigned. Ihe generation of multiple ion peaks which 
can be obtained using ES mass spectrometry can increase the accuracy of the mass 
d et enxdnatton. 

25 In MALDI mass spectrometry, various mass analyzers can be used, e.g., 

magnetic sector/magnetic deflection instruments in single or triple quadrupole mode 
(MS/MS), Fourier transform and time-of-ffight (TOP) configurations as is known in the 
an of mass spectrometry. FIGURES 2 A through 6 are given as an example of the data 
obtainable when sequencing a hypothetical DNA fragment of 50 nucleotides in length 

30 (SEQ ID NO:3) and having a molecular weight of 1 5,344.02 daltons. The molecular 
weights calculated for the ddT (FIGURES 2A and 2B), ddA (FIGURES 3 A and 3B), 
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ddO (FIGURES 4A and 4B) and ddC (FIGURES 5A and 5B) terminated products are 
given (corresponding to fragments of SEQ ID NO:3) and the idealized four MALDMOF 
mass spectra shown. All four spectra arc superimposed, and from this, the DNA 
sequence can be generated. This is shown in the summarizing FIGURE 6, demonstrating 
how the molecular weights are correlated with the DNA sequence. MALDI-TOF spectra 
have been generated for the ddT terminated products (FIGURE 16) corresponding to 
those shown in FIGURE 2 and these spectra have been superimposed (FIGURE 17). 
The correlation of calculated molecular weights of the ddT fragments and their 
experimentally-verified weights are shown in Table I. Likewise, if all four chain- 
terminating reactions are combined and then analyzed by mass spectrometry, the 
molecular weight difference between two adjacent peaks can be used to determine the 
sequence. For ihe desorjnioo/ioiuation process, numerous matrix/laser combinations 
can be used. 



Correlation of calculated and experimentally verified molecular weights of the 13 DNA 

fragments of FIGURES 2 and 16. 



TABLE I 



Fragment 
(n-mer) 



calculated mass 



experimental mass 



difference 



7-mer 2104.45 

10-mcr 3011.04 

llwner 331524 

19- mer 5771.82 

20- mer 6076.02 
24-mer 7311.82 
26-mer 794522 
33-mer 10112.63 

37- mer 11348.43 

38- mer 11652.62 
42-mer 12872.42 
46-mer 14108.22 
50-mer 15344.02 



2119.9 

3026.1 

3330.1 

5788.0 

6093.8 

7374.9 

7960.9 

10125.3 

11361.4 

11670.2 

12888.3 

14125.0 

15362.6 



+15.4 
+15.1 
M4.9 
+16.2 
+17.8 
+63.1 
+15.7 
+12.7 
+13.0 
+17.6 
H5.9 
+16.8 
+18.6 
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In order to increase throughput to a level necessary for high volume 
genomic and cDNA sequencing projects, a further embodiment of the present invention ia 
to utilize multiplex mass spectrometry to simultaneously determine more than one 
sequence. This can be achieved by several, albeit different, methodologies, the basic 
principle being the mass modification of the nucleic acid primer (UP), the chain^ 
elongating and/or terminating nucleoside triphosphates, or by using mass-differentiated 
tag probes hybrid izable to specific tag sequences. The term "nucleic acid primer" as used 
how encompasses primers for both DNA and RNA Sanger sequencing. 

By way of example, FIGURE 7 presents a general formula of the nucieic 

add primer (UP) and the tag probes (TP). The mass modifying moieiy can be attached, 

fi>r instance, to either the 5'-end of the oligonucleotide (m'), to the nurfeobase (or bases) 

Jl 7 3 
(M , M y to the phosphate backbone (M ), and to the r-position of the nucleoside 

(nucleosides) (M ,M ) or/and to the terminal 3'.p«iiion (M 5 ). Primer length can vary 
between I and 50 nucleotides m length. For the priming of DNA Sanger sequencing, the 
primer is preferentially in the range of about 1 5 to 30 nucleotides in length. For 
artificially priming the transcription in a RNA polymerascwnediated Sanger sequencing 
reaction, the length of the primer is preferentially in the range of about 2 to <S nucleotides 
IS a tag probe (TP) is to hybridize to the integrated tag sequence of a family chain- 
terminated fragments, its preferential length is about 20 nucleotides. 

The table in FIGURE 7 depicts some examples of mass-modified primer/tag 
probe configurations for DNA, as well as RNA, Sanger sequencing. This list is, however, 
not meant to be limiting, since numerous other combinations of mass-modifying functions 
and positions within the oligonucleotide molecule are possible and are deemed part of the 
invention. The mass-modifying fiincaonality can be, for example, a halogen, an aziuo, or 
of the type. XR, wherein X is a Bilking group and R is a mass-modifying functionality 
The mass-modifying functionality can thus be used to introduce defined mass increments 
into the oligonucleotide molecule. 

In another embodiment, the nucleotides used for chain-elongation and/or 
tentiination are mass-modified. Examples of such modified nucleotides are shown in 
FIGURE 8. Here the mass-modifying moiety, W, can be attached either to the 
micleobasc, M 2 (in case of the c -deazanucleosides also t C-7,Kf\t the triphosphate 
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group at the alpha phosphate, M 3 , or to the 2'-position of the sugar ring of the nucleoside 
triphosphate, hi 4 and M 6 . Furthermore, the mass-modifying functionality can be added 
so as to affect chain termination, such as by attaching it to the 3-position of the sugar 
ring in the nucleoside triphosphate, M . The list in FIGURE 8 represents examples of 
possible configurations for generating chain-terminating nucleoside triphosphates for 
RNA or DNA Sanger sequencing. For those skilled in the art, however, it is clear that 
many other combinations can serve the purpose of the invention equally well. In the 
same wiy, those skilled m the an will recognize that chain-elongating nucleoside 
triphosphates can also be mass-modified in a similar fashion with numerous variations and 
combinations in functionality and attachment positions. 

Without untiring the scope of the invention, FIGURE 9 gives a more 
detailed description of particular examples of how the mass-modification, M, can be 
introduced fbr X in XR as well as using oligoVpolyethylene glycol derivatives for R The 
moss-modifying increment in this case is 44, i.e. five different mass-modified species can 
be generated by just changing m from 0 to 4 thus adding mass units of 45 <m*0), 89 
(m=l), 133 (m=2), 177 (m=3) and 221 (m=4) to the nucleic acid primer (UP), this tag 
probe (TP) or the nucleoside triphosphates respectively. The oligo/polycthylene glycols 
can also be monoalkylstfid by a lower alkyl such as methyl, ethyl, propyl, isopropyl, t- 
butyl and the Gke. A selection of linking functionalities, X, are also illustrated. Other 
chemistries can be used m the mass-modified compounds, as for example, those described 
recently in ruiymrnrl^Hg* ™rf Anfllaeties A Practical Approach. F. Eckstein, editor. 

IRL Press, Oxford, 1991 . 

In yet another embodiment, various mass- modifying functionalities. K, other 
than oligo/polyethyiene glycols, can be selected and attached via appropriate linking 
chemistries, X. Without any limitation, some examples arc given in FIGURE 10. A 
simple mass-modification can be achieved by substituting H tor halogens like F, a, Br 
and/or i, or pscudohalogens such as SCN, NCS, or by using different alkyl, aiyl or aralkyl 
moieties such as methyl, ethyl, propyl isopropyl, t-butyl. hexyl phenyl, substituted 
phenyl, benzyl, or functional groups such as CHjF. CHF 2> CF 3» StfC^b* 
SKCHj^Hs), SXCRtftyifo Stt^H^ . Yet another notification can be 
obtained by attaching homo- or hetcrcpeptides through X to the UP. TP or nucleoside 
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triphosphates. One example useful in generating mass-modified species with a mass 
incfemeirt of 57 is the attachment of oligoglycincs, e.g., maw-modifications of 74 (r»l, 
m=0), 131 (r=l, m^2), 188 (i-l, nrO), 245 (r=l, m=4) are achieved. Simple 
oligoamides also can be used, e.g., mass-modifications of 74 (r*L m=0), 88 (r=2, m=0), 
102 (r=3 f ra=0), 1 16 (r=4, ihfO), etc. are obtainable. For chose skilled in the art, it will 
be obvious that there are numerous possibilities in addition to those given in FIGURE ID 
and the above mentioned reference i OligpnudMttjd^ Amlffgm F fcckstein, 1991), 
for introducing, in a predetermined manner, many different mass-modifying functionalities 
to UP* TP and nucleoside triphosphates which are acceptable for DN A and RNA Sanger 
sequencing. 

As used herein, the superscript 0-i designates i t 1 mux$ differentiated 

nucleotides, primers or tags. In some instances, the superscript 0 (e.g., NTP°, UP°) can 

designate an unmodified species of a particular reactant, and the superscript i (e.g , NTP 1 , 

NTP f NTP , etc.) can designate the i-th mass*modified species of that reactant 1Q for 

example, more than one species of nucleic acids (eg., DNA clones) are to be 

concurrently sequenced by multiplex DMA sequencing then i + 1 different mass-modified 
Oil 

nucleic acid primers (UP , UP '...UP 1 ) can be used to distinguish each set ofhase- 
specifically terminated fragments, wherein each species of mass-modified UP* can be 
distinguished by mass spectrometry from the rest. 

As illustrative embodiments of this invention, three different basic processes 
for multiplex mass spectrometric DNA sequencing employing the described mass- 
modified reagents arc described below. 

A) Multiplexing by the use of mass-modified nucleic add primers 
(UP) for Sanger DNA or RNA sequencing (see for example FIGURE 1 1 ); 

B) Multiplexing by the use of mass-modified nucleoside 
triphosphates as chain dongatons and/or chain terminators for Sanger 
DNA or RNA sequencing (see for example FIGURE 12); and 

C) Multiplexing by the use of tag probes which specifically 
hybridize to tag sequences which are integrated into part of the four 
Sanger DNA/RN A base-specifically terminated fragment families. Mass 
modification here can be achieved as described for FIGURES 7, 9 awl 10, 
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or alternately, by designing different oligonucleotide sequences having the 
same or different length with unmodified nucleotides which, in a 
predetermined way, generate appropriately differentiated molecular 
weights (see for example FIGURE 13). 

5 The process of multiplexing by mass-modified nucleic acid primers (UP) is 

illustrated by way of example in FIGURE 1 1 for mass analyzing four different DN A 
clones simultaneously. The first reaction mixture is obtained by standard Sanger DNA 
sequencing having unknown DNA fragment I (done 1) integrated in an appropriate 
vector (e g, M 13mp)8), employing an unmodified nucleic acid primer UP , and » 

10 standard mixture of the four unmodified deoxynucleoside triphosphates. dNTP . nnd 
with 1/1 0th of one of the four dideoxynudeoside triphosphates, ddNTP . A second 
reaction mixture for DNA fragment 2 (clone 2) is obtained by employing a mass-modified 
nucleic acid primer UP 1 and, as before, the four unmodified nucleoside triphosphates, 
dNTP°, containing in each separate Sanger reaction 1/1 0th of the qhain-terminating 

15 unmodified dideoxynucleoside triphosphates ddNTP°. In the other two experiments, the 
four Sanger reactions have the following compositions: DNA fragment 3 (clone 3 ), UP , 
dNTP°, ddNTP° and DNA fragment 4 (done 4). UP 3 , dNTP°, ddNTP For mass 
spectrometry DNA sequencing, all base-specifically terminated reactions of the four 
clones are pooled and mass analyzed. The various mass peaks belonging to the four 

20 dideoxy-terminated (e.g.. ddT-terminated) fragment families are assigned U> specifically 
elongated and ddT-terminated fragments by searching (such as by a computer program) 
for the known molecular ion peaks ofUP°, UP* , UP* and UP J extended by other one of 
the four dideoxynucleoside triphosphates, UP 0 -ddN°, UP -ddN .UP -ddN and UP 3 - 
ddN° In this way, the first nucleotides of the four unknown DNA sequences of done I 

25 to 4 are determined. The process is repeated, having memorized the molecular masses of 
the four specific first extension products, until the four sequences are assigned. 
Unambiguous mass/sequence assignments are possible even in the worst case scenario in 
which the four mass-modified nucleic add primers are extended by the same 

0 

dideoxynudeosidc triphosphate, the extension products then bang, for example, UP - 
JO ddT, UP l -ddT, UP 2 -ddT and LP 3 -ddT, which differ by the known mass increment 

difierentiatmg the four nucleic add primers. In another embodiment of this invention, an 
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analogous technique is employed using different vectors containing, for example, the SP6 

and/or 17 promoter sequences, and performing transcription with the nucleic acid 

0 J 2 3 
primers UP , UP , UP and UP and either an RNA polymerase (e.g., SP6 or T7 RNA 

polymerase) with chain-elongating and terminating unmodified nucleoside triphosphates 
0 0 

5 NTP and3'-dNTP ' Here, the DNA sequence is being determined by Sanger RNA 
sequencing. 

FIGURE 12 illustrates die process of multiplexing by mass-modified chain- 
elongating or/and terminating nucleoside triphosphates in which three different DNA 
fragments (3 clones) are mass analyzed simultaneously. The first DNA Sanger 
1 0 sequencing reaction (DNA fragment 1 , done ) ) is the standard mixture employing 

unmodified nucleic add primer UP°, dNTP° and in each of the four reactions one of the 
four ddNTP° The second (DNA fragment 2, done 2) and the third (DNA fragment 3 , 
done 3) have the Mowing contents: UP°, dNTP°, ddNTP 1 and UP°, dNTP°, ddNTP 2 
, respectively. In a variation of this process, an amplification of the mass increment in 

1 5 mass-modifying the extended DNA fragments can be achieved by either using an equally 

I 2 

mass-modified deoxynudeoside triphosphate (i.e.. dNTP , dNTP ) for chain elongation 

alone or in conjunction with the homologous equally mass-modified dideoxynudenside 

triphosphate. For the three clones depicted above, the contents of the reaction mixtures 

can be as follows: either UP°/dNTP°/ddNTP 0 , UP°/dOTP VddNTP° and 

20 UP°/dNTP 2 /ddNTP° or UP°/dNrp 0 /ddNTP°, UP°/dNTP VddNTP 1 and 
0 2 2 

UP /dNTP /ddNTP , As described above, DNA sequencing can be performed by 
Sanger RNA sequencing employing unmodified nudeic acid primers, UP^ % and an 
appropriate mixture of chain-elongating and terminating nudeoside triphosphates. The 
mass-modification can be again either in the chafrMerminatirtg nudeoside triphosphate 

25 alone or in conjunction with mass-modified chain-elongating nudeoside triphosphates. 
Multiplexing is achieved by pooling the three base- specifically terminated sequencing 
reactions (e.g., the ddTTP terminated products) and simultaneously analyzing the pooled 
products by mass spectrometry. Again, the first extension products of the known nudeic 
acid primer sequence are assigned, e.g. via a computer program. Mass/sequence 

30 assignments are possible even in the worst case in which the nudeic add primer is 

extended/terminated by the same nudectide, e.g., ddT, in all three done*. The following 
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configurations thus obtained can be well differentiated by their diflferent mass- 
modifications: UP%dT°, UP°-ddT l , UP^ddT 2 

In yet another embodiment of this invention, DNA sequencing by multiplex 
mass spectrometiy can be achieved by cloning the DNA fragments to be sequenced in 
5 "plex-vectors* containing vector specific "tag sequence*" as described (Koster ei ah, 
'Oligonucleotide Synthesis and Multiplex DNA Sequencing Using Chemiluininescent 
Detection/ Nud?C Adds Res Symposium Ser No. 24, 3 18-32 1 (1991)); then pooling 
done* from different plex-vectors for DNA preparation and the four separate Sanger 
sequencing reactions using standard dNTP°/ddNTP° and nucleic acid primer UP , 
10 purifying the four multiplex fragment families via linking to a solid support through the 
linking group, L s at the 5'-end of UP; wishing out ail by-products, and cleaving the 
purified multiplex DNA fragments off the support or using the L-L' bound nested Sanger 
fragments as such for mass spectrometric analysis as described above; performing de- 
multiplexing by one*by*ane hybridisation of specific *ttg probes 0 ; and subsequently 
1 5 analyzing by mass spectrometry (see, for example. FIGURE 13). As a reference point, 
the four base-specifically terminated multiplex DNA fragment families are run by the 
mass spectrometer and all ddT 0 -, ddA°-, ddC°- and ddQ -terminated molecular ion 
peaks are respectively detected and memorized. Assignment of for example, ddT - 
terminated DNA fragments to a specific fragment family is accomplished by another mass 
20 spectrometric analysis after hybridization of the specific tag probe (TP) to the 

corresponding tag sequence contained in the sequence of this specific fragment family. 
Only those molecular ion peaks which are capable of hybridizing to the specific tag probe 
are shifted to a higher molecular mass by the same known mass increment (e.g. of the tag 
probe). These shifted ion peaks, by virtue nf all hybridizing to a specific tag probe. 
25 belong to the same fragment family. For a given fragment family, this is repeated for the 
remaining chain terminated fragment families with the same tag probe to assign the 
complete DNA sequence. This process is repeated i-1 times corresponding to i clones 
multiplexed (the 

i-th clone is identified by default). 
30 The differentiation of the tag probes for the different multiplexed clones can 

be obtained just by the DNA sequence and its ability to Watson-Crick base pair to the rag 
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sequence. Il is well known in the art how to calculate stringency conditions to provide 
for specific hybridization of a given tag probe with a given tag sequence (see, for 
example. Molecular Cloning A laboratory manual 2ed\ ed. by Sambrook, Fritsch and 
Maniatis (Cold Spring Harbor Laboratory Press: NY, 1989, Chapter 1 !). Furthermore, 
5 differentiation can be obtained by designing the tag sequence for each plex-vector to have 
a sufficient mass difference so as to be unique just by changing the length or base 
composition or by mass-modifications according to FIGURES 7, 9 and 10. In order to 
keep the duplex between the tag sequence and the tag probe intact during mas* 
Spectrometry analysis, it is another embodiment of the invention to provide for a covalem 

10 attachment mediated by, for example, photoreactive groups such as psoralen and 
ellipticine and by other methods known to those skilled in the art (see, for example, 
Hdfene et ai % H^MX& 541 358 (1990) and Thuong et ai. "Oligonucleotides Attached to 
Intercalates, Photoreactive and Cleavage Agenia M in F. Eckstein, Oligonucleotide^ mj 
Analogues; A Practical Approach, IRL Press, Oxford 199], 2*3-306). 

1 5 The DNA sequence is unraveled again by searching for the lowest 

molecular weight molecular ton peak corresponding to the known UP^-tag sequence/tag 
probe molecular weight plus the first extension product, e.g.. ddT°, then the second, the 
third, etc. 

in a combination of the latter approach with the previously described 

20 multiplexing processes, e further increase in multiplexing can be achieved by using, in 

addition to the tag probeftag sequence interaction, mass-modified nucleic add primers 

0- ; 

(FIGURE 7) and/or mass-modified deoxynudeoside, dNTP '* and/or dideoxynudeoadc 
0-4 

triphosphates, ddNTP . Those skilled in the art will realize that the tag sequence/tag 
probe multiplexing approach Is not limited to Sanger DNA sequencing generating nested 

25 DNA fragments with DNA polymerases. The DNA sequence can also be determined by 
transcribing the unknown DNA sequence from appropriate promoter-containing vectors 
(see above) with various RNA polymerases and mixtures of NTP°^/3 r -dNTP° H , thus 
generating nested RNA fragments 

In yet another embodiment of this invention, the mass -modi tying 

30 functionality can be introduced by a two or multipl step process. In this case, thu 

nucleic acid primer, the chain-elongating or terminating nucleoside triphosphates and/or 
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the tag probes are, in a first step, modified by a precursor functionality such as aado, - 
N 3s or modified with a functional group in which the R in XR is H (FIGURE 7, 9) thus 
providing temporary functions, e.g., but not limited to -OH, -NH 2 , -NHR. -SH, -NCS. 
-0CO(CH 2 ) r CO0H (r = 1-20), -NHCO(CH 2 ) r COOH (r = 1-20), -OS0 2 OH. 
-OCO(CH 2 ) r I (r = 1-20), -0P(O-Alkyl)N(Alk>])2. These less bulky functionalities result 
in better substrate properties for the enzymatic DNA or RNA synthesis reactions of the 
DNA sequencing process. The appropriate mass-modifying functionality is then 
introduced after the generation of the nested base-specifically terminated DNA or RNA 
fragments prior to mass spectrometry. Several examples of compounds which can serve 
as mass-modifyins functionalities are depicted in FIGURES 9 and 10 without limiting the 
scope of this invention. 

Another aspect of this invention concerns kits for sequencing nucleic acids 
by mass spectrometry which include combinations of the above-described sequencing 
reactants. For instance, in one embodiment, the kit comprises reactants for multiplex 
mass spectrometric sequencing of several different species of nucieic acid. The kit can 
include a solid support having a linking functionality (L ) for immobilization of the base- 
specifically terminated products; at least one nucleic acid primer having a finking group 
(L) for reverslbly and temporarily linking the primer and solid support through, for 
example, a photocleavable bond; a set of chain-elongating nucleotides (e g., dATP, 
dCTP, dGTP and dTTP. or ATP, CTP, OTP and UTP); a set of chain-terminating 
nucleotides {such as 2\3'-did«oxvnudeotides for DNA synthesis or X-deoxynucleotides 
for RNA synthesis), and an appropriate polymerase for synthesizing complementary 
nucleotides. Primers and/or terminating nucleotides can be mass-modified so that the 
base-specifically terminated fragment* generated from one of the species of nucleic acids 
to be sequenced can be distinguished by mass spectrometry from all of the others. 
Alternative to the use of mas».modiOcd synthesis reactants. a set of tag probes (as 
described above) can be included hi the kit. The kit can also include appropriate buffers 
as wen as instructions for perfonning multiplex mass spectrometry to concurrently 
sequence multiple species of nucleic acids 

In another embodiment, a nucleic acid sequencing kit can comprise a solid 
support as described above, a primer for mitiating synthesis of complementary nucleic 
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add fragments, a set of chain-elongating nucleotides and an appropriate polymerase The 
mass-modified cluun-tenninating nucleotide* are selected so that the addition of one of 
the chain terminators to a growing complementary nucleic acid can be distinguished by 
mass spectrometry. 

The present invention is further illustrated by the following examples which 
should not be construed as limiting in any way. The contents of all cited references 
(including literature references, issued patents, published patent applications (including 
international patent application Publication Number WO 94/16101, entitled *DNA 
Sequencing by Mass Spectrometry* by H. Koester; and international patent application 
Publication Number WO 94/21822 entitled "DNA Sequencing by Mass Spectrometry Via 
Exonuclease Degradation" by H. Koescer), and co-pending patent applications, (including 
U.S Patent Application Serial No. 08/406,199, entitled DNA Diagnostics Based on 
Maw Spectrometry * by H Koester), as cited throughout this application are hereby 
expressly incorporated by reference. 

EXAMPLE! 

Immobilisation of primer-extentiea products of Sanger DNA sequencing reaction 
for mass spectrometry analysis via disulfide bonds. 

As a solid support, Soqudon membranes (Millipore Corp., Bedford, MA) 
with phenyl tsothiocyanate groups are used as a starting material. The membrane di sks , 
with a diameter of 8 mm* are wetted with a solution of N^nethylmorpholine/water/2- 
propanol (NMM solution) (2/49/49 v/v/v). the excess Bquid removed with filter paper 
and placed on a piece of plastic film or aluminum foil located on a heating block set to 
55 C. A solution of 1 mM 2-mercaptoethytamine (cystcamixte) or 2, 2*-dithio- 
bis(ethylamine) (cystamine) or SK2^hiopyridyl)-2-thio^%^mine ( 1 0 id, 10 nmol) in 
NMM is added per disk and heated at 55°C. After 15 min, 10 ul of NMM solution are 
added per disk and heated for another 5 min. Excess of tsothiocyanate groups may be 
removed by treatment with 10 ul of a 10 mM solution of glycine in NMM solution. For 
cystamine, the disks arc treated with 10 ul of a solution of 1M aqueous ditliiothreito! 
{DTT)/2-propinol (l : i v /v) for 15 min at room temperature. Then, the disks are 
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thoroughly washed in a filtration manifold with 5 aliquot* of 1 ml each of the NMM 
solution, then with 5 allquots of 1 ml acetonitrile/water (1/1 v/v) and subsequently dried. 
If not used immediately the disks are stored with free thiol groups in a solution of 1M 
aqueous dtlhiothreitol/2-propanol (i: 1 v/v) and, before use, DTT is removed by three 
washings with I ml each of the NMM solution. The primer oligonucleotides with S'-SH 
functionality can be prepared by various methods (e.g.. B.CF Chu el at., Mudfiifi 
A cjdnRes. 14. 5591-5603 (1986), Sproat etal., Mudflfi Acids R«. 11. 4837-48 { 1 98?) 
and c ^gmmrleatide * and ADajggUfil A Prprrinal AmmMch ff. Eckstein, editor), 1RL 
Press Oxfotd, 1991). Sequencing reactions according to the Sanger protocol are 
performed in a standard way <e.g., H. Swerdlow el ah , Dickie AridsKre, IS- 1415-19 
(1990)). In the presence of about 7-10 mM DTT the free 5-thiol primer can be used, in 
other cases, the SH functionality can be protected, e.g., by n trityl group during the 
Sanger sequencing reactions and removed prior to anchoring to the support in the 
following way. The four sequencing reactions {ISO u) each in an Eppendorf tube) arc 
terminated by a 1 0 mm incubation at 70°C to denature the DNA polymerase (such as 
Ktenow fragment, Sequeaase) and the reaction mixtures are ethanol precipitated. The 
gupematants are removed and the pellets vortexed with 25 ul of an 1M aqueous silver 
nitrate solution, and after one hour at room temperature, SO ul of an I M aqueous 
solution of DTT is added and mixed by vortexing. After 15 mm. the mixtures are 
centrifuged and the pellets are washed twice with 100 ul ethylacetatc by vortexing and 
centrifugation to remove excess DTT. The primer extension products with free S'-tKol 
group are now coupled to the thiolated membrane supports under mild oxidizing 
conditions. In general, it is sufficient to add the S'-thiolated primer extension products 
dissolved in 10 ul 10 mM de-aerated methyl ammonium acetate buffer (TEA A) pH 7.2 to 
the thiolated membrane supports. Coupling is achieved by doing the samples onto the 
membrane disks with a cold fan. This process can be repeated by wetting the membrane 
with 10 ul oflO mM TEAA buffer pH 7.2 and drying as before. When using the 2- 
tWopyridyl derivatwed compounds, anchoring can be monitored by the release of 
pvridine-2-thionc spectrophotometrically at 343 nm 

In another variation of this approach, the oligonucleotide primer is 
fanctionalized with an amino group at the S'-end which is introduced by standard 
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procedures during automated DNA synthesis After primer extension, during the Sanger 
sequencing process, the primary amino group is reacted with 3-{2-pyrirfy!dithio) 
propionic acid N-hydroxysucciniinide ester (SPDP) and subsequently coupled to the 
thiolated supports and monitored by the release of pyridyl-2-thione as described above. 
After deaaturation of DNA polymerase and ethanol precipitation of the sequencing 
products* the supernatant* are removed and the pellets dissolved in 10 ul 10 uiM TEAA 
buffer pH 72 and 10 ul of a 2 mM solution of SPDP in 10 mM TEAA are added. The 
reaction mixture is voxtexed and incubated for 30 min at 25°C. Excess SPDP is then 
removed by three extractions (vortexing, centrifiigation) with 50 ul each of ethanol and 
the resulting pellets are dissolved in 10 ul 10 mM TFiAA buffer pH 7.2 and coupled to 
the thiolated supports (see above). 

The primer-extension products are purified by washing the membrane disks 
three times each with 100 id NMM solution and three times with 100 ul each of 10 mM 
TEAA buffer pH 7.2. The purified primer-extension products arc released by three 
successive treatments with 10 ul of 10 mM 2-mercaptoethanol in 10 mM TEAA buffer 
pH IX lyophilizeti and analyzed by either ES or MALDI mass spectrometry. 

This procedure can also be used for the mass-modified nucleic acid primers 

0-i . 

UP in an analogous and appropriate way, taking into account the chemical properties 
of the mass-modifying functionalities. 

EXAMPLE! 

Immobilization of primer-extension products of Sanger DNA sequencing reaction 
for mass spectrometry analysis via I tie levuKnyl group 

5 -Aminolevulinic acid is protected at the primary amino group with the 
Fmoc group using 9-fluorenylmethyl N-suocinimidyl carbonate and is then transformed 
into the N-hydroxysucrinimide ester (NHS ester) using N-hydroxysuccmhnide and 
dicydohexyi carbodiimide under standard conditions. For the Sanger sequencing 
reactions, nucleic acid primers, UP^ H , are used which are fuuctionalized with a primary 
amino group at the 5 '-end introduced by standard procedures during automated DNA 
synthesis with aminolinkcr pbosphoamkfites as the final synthetic step. Sanger 
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sequenring is performed under standard conditions (see above). The four reaction 

mixtures (150 ul each in an Eppcndorf tube) arc heated to 70°C for 10 min to inactivate 

the DNA polymerase, ethanol precipitated, cemrifoged and resuspended in 10 ul of 10 

rriM TEAA buffer pH 7.2. 10 ul of a 2 mM solution of the Fmoc-5-amimilevulinyl-NRS 

5 ester in 10 mM TEAA buffer is added, vortexed and incubated at 2S°C for JO rain. The 

excess of the reagent is removed by ethanol precipitation and cezitrifugation. The Fxnoc 

group is cleaved off by re^u spending the pellets in 10 ul of a solution of 20% piperidine in 
* o 

N,N-dijnethy]fbrman^de/w8ter (1:1 v/v). After 1 5 min at 25 C, piperidine is thoroughly 
removed by three precipitation s/centrifugations with 100 ul each Methanol, ;hc pellets 

1 0 are resuspended in 1 0 ul of a solution of N-methylmorphoiine t 2-propanol and water 

(2/10/88 v/v/v) and are coupled to the solid support carrying an isothiocyanate group. In 
the case of the DITC-Sequelon membrane (MBliporc Corp., Bedford, MA), the 
membranes are prepared as described in EXAMPLE t and coupling is achieved on a 
heating block at 5S°C as described above. UNA extension products are immobilized in 

] 5 an analogous way. The procedure can be applied to other solid supports with 
isothiocyanate groups in a similar manner. 

The immobilized primer-extension products are extensively washed three 
times with 1 00 ul each of NMM solution and three times with 100 ul 1 0 mM TEAA 
buffer pH 7.2. The purified primer-extension products are released by three successive 

20 treatments with 10 ul of 100 mM hydrazuuum acetate buffer pH 6.5, lyophili/ed and 
analyzed by either ES or MALDI mass spectrometry. 

EXAMPLE ? 

25 Immobilization of primer-extension products or Sanger DNA sequencing reaction 
for mass spectrometry analysis via a trypsin sensitive linkage 

Sequelon DCTTC membrane disks of 8 mm diameter (Milliporc Corp., 
Bedford, MA) are wetted with 10 ul of NMM solution (N-methylnK>rpholme/propanaol- 
2/water, 2/49/49 v/v/v) and a linker arm introduced by reaction with 10 ul of a 10 mM 

30 solution of 1,6-diarainohexane in NMM. The excess diamine is removed by three 

washing steps with 100 ul of NMM solution. Using standard peptide synthesis protocols, 
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two L-lysine residues are attached by iwu successive condensations with N-Fmoc-N- 
tBoc-L-lysme pentafluorophenylester, the terminal Fmoc group is removed with 
piperidine in NMM and the free a-aniino group coupled to 1 ,4-phenylene 
diisothiocyanate (DITC) Excess DITC is removed by three washing steps with 100 ul 2* 
5 propanol and the N-tBoc groups removed with trifluoroacetic acid according to standard 
peptide synthesis procedures. The nucleic acid primer-extension products are prepared 
from oligonucleotides; which carry a primary amino group at the S'-terminus. The four 
Sanger DNA sequencing reaction mixtures (1 SO ui each in Eppendorf tubes) are heated 
for 10 mitt at 70°C to inactivate the DNA polymerase, ethanol precipitated, and the 

10 pellets resuspended In 10 ul of a solution of N-metbylraorpholinc, 2-propanol and water 
(2/10/88 v/v/v). This solution is transferred to the Lys-Lys-DITC membrane disks and 
coupled on a heating block sei at S5°C. After drying, 10 ul of NMM solution is added 
and the drying process repeated. 

The immobilized primer-extension products are extensively washed three 

1 5 times with 100 ul each of NMM solution and three times with 100 ul each of 10 mM 
TEAA buffer pH 7.2. For mass spectrometry analysis, the bond between the primer- 
extension products and the solid support is cleaved by treatment with trypsin under 
standard conditions and the released products analyzed by either ES or MALDI mass 
spectrometry with trypsin serving as an internal mass standard. 

20 

EXAMPLE 4 

Immobilization of primer-extension products of Sanger DNA sequencing reaction 
for mass spectrometry analysts via pyrophosphate linkage 

25 The DITC Scquelon membrane (disks of 8 mm diameter) are prepared as 

described in EXAMPLE 3 and 10 ul of a 10 mM solution of 3-arainopyridine adenine 
dinudeotide (APAD) (Sigma) in NMM solution added, The excess APAD is removed by 
a 10 ul wash of NMM solution and the disks are treated with 10 ol of 10 mM sodium 
periodate in NMM solution (15 min, 25°C). Excess periodate is removed and the 

30 primer-extension products of the four Sanger DNA sequencing reactions (ISO ul each in 
Eppendorf tubes) employing nucleic add primers with a primary amino group at the 5 4 - 
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end are ethanol precipitated, dissolved in 10 ul of a solution of N-methytmorphoBrie/2- 
propanol/water (2/10/88 vArfv) and coupled to the 2' 3'-dialdehydo groups of the 

immobilized KAD analog. 

The primer-extension products are extensively washed with the NMM 
5 solution (3 times with 100 ul each) and 1 0 mM TEA A buffer pll 7.2 (3 times with 100 ul 
each) and the purified primer-extension products are released by treatment with either 
NADase or pyrophosphatase in 10 mM TEAAbufier at pH 7.2 at 37°C for 15 rain, 
lyopMized and analyzed by either ES or MALD1 mass spectrometry, the enzymes serving 
as internal mass standards. 

10 

EXAMELE s 



Synthesis of nucleic acid primers mass-modified by glycine residues at the 5'- 
posttion Of the sugar moiety of the terminal nucleoside 
j 5 Oligonucleotides are synthesized by standard automated DN A synthesis 

using O-cyanoethylphosphoamidites (H. Kbster et id. % NlirAgjc Acids Res. 12. 4539 
(1984)) and a S'-amino group is introduced at the end of solid phase DNA synthesis (e.g. 
Agrawal et «/., Budgie Arid* Res. 14, 6227-45 (1986) or Sproat et a/.. Nudge Afiil l s 
Ecs. IS, 61 81-96 (1987)). The total amount of an oligonucleotide synthesis, starting 
20 With 0.25 umol CPG-bound nucleoside, is deprotected with concentrated aqueous 

ammonia, purified viaOfigoPAK™ Cartridges (Mmipore Corp., Bedford. MA) and 
lyophilized. This materia] with a 5Merminal amino group is dissolved in 100 ul absolute 
N.M-dlmethylfomiamide (DMF) and condensed with 10 »imole N-Fmoc-glycine 
pentafluorophenyi ester for 60 min at 25°C After ethanol precipitation and 
25 c^ntrifogation.theFniocgroupiscicavedoff lOOulofa 

solution of 20% pipcridtne in N.N-dimethylformamide. Excess piperidine, DMF and the 
cleavage product from the Fmoc group are removed by ethanol precipitation and the 
j^ccipitatelyophilbiidfrom 10 mM TEAA buffer pH 12. This material is no w either 
used as primer for the Sanger DNA sequencing reactions or one or more glycine residues 
30 (or other suitable protected amino acid active esters) are added U> create a series of mass- 
modified primer ligonucleotides suitable for Sanger DNA r RNA sequencing 
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Inunobflization of these mass-modified nucleic acid primers UP after primer-extension 
during the sequencing process can be achieved as described, e.g.* in EXAMPLES 1 to 4. 

EXAMPLE* 

5 

Synthesis of nuclei* acid primers mass-modified at C-S or the heterocyclic base of a 
pyrtmidine nucleoside with glycine residues 

Starting material was S-O-aminopropynyM}^' 5'-di-p-tolyideoxyuridine 
prepared and 3" S^-de-O-acylated according to literature procedures (Haralambidis et al % 

10 Nucleic Acidfi Re*. J& 4857-76 (1987)). 0.281 g (1 .0 mmolc) 5-(3-ammopropynyM)-2'- 
deoxyuridine were reacted with 0.927 g (2.0 cnznole) N-Fmooglycwe 
pentafluorophenyiester in 5 ml absolute N^-dimethylformamide in the presence of 0. 129 
g (1 mniole; 174 ill) N,N-dii$opropylethylanune for 60 min at room temperature 
Solvents were removed by rotary evaporation and the product was purified by silica gel 

15 chromatography (Kiesdge! 60, Merck; column: 2.5x 50 cm. dution with 

chloroform/methanol mixtures). Yield was 0.44 g (0.78 mniole, 78 %). In order to add 
another glycine residue, the Fmoc group is removed with a 20 min treatment with 20% 
solution of piperidine in DMF, evaporated in vactdo and the remaining solid material 
extracted three times with 20 rnJ ethylacetate. After having removed the remaining 

20 ethylacetate, N-Fmoc-gtyrine pentafluoropbeny] ester is coupled as described above. 5- 
(3-{N-Fmoc-gfycy1)-amidopropynyI- 1 )-2*-deoxyuridi«e is transformed into the S'-O- 
dimethoxytritylaied nudeoside-3'^-(^Tirujethyl-N,N^ito and 
incorporated into automated oligonucleotide synthesis by standard procedures (H. KOster 
tt a£, Nucleic Acids Res 13. 2261 (1984)). This glycine modified thymidine analogue 

25 building block for chemical DN A synthesis can be used to substitute one or more of the 
thymidine/uridine nucleotides hi the nucleic acid primer sequence. The Fmoc group is 
removed at the end of the solid phase synthesis with a 20 mm treatment with □ 20 % 
solution of piperidine in DMF at room temperature. DMF is removed by a washing step 
with acetonitrile and the oligonucleotide deprotcctcd and purified in the standard way 

30 



EXAMPLE 7 
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Synthesis of a nucleic acid primer miss-modified at C-5 of the heterocyclic base of 
a pyrimidinc nucleoside with 0-alanine residues 

Starting material was the same as in EXAMPLE 6. 0.28 1 g ( 1 .0 mmole) 
5-(3-Aminopropynyl-l)-2'-deoxyuridine was reacted with N-Fmoc-fi-alanine 
penlafluorophenylester <0.9SS g, 2.0 mmole) in 5 ml KN-dimcthylfonnatmdc (DMF) in 
the presence of 0. 129 g ( 1 74 ul; 1 .0 mmole) N,N-disopropyiethylamine for 60 min at 
room temperature. Solvents were removed and the product purified by silica gel 
chromatography as described in EXAMPLE 6. Yield was 0.425 g (0.74 mmole. 74 %). 
Another B-alanine moiety can be added in exactly the same way after removal of the 
Fmoc group. The preparation of the 5'-0-dimetho*ytrityiatcd nuclcosideO'-O-ft- 
cvanoethyl-N.N-diisopropylphosphoamidite from 5-(3-fN-Finuc-B~alatiyl)- 
amidopropynyl-O ^'-deo^ruridine and incorporation Into automated oligonucleotide 
synthesis is performed under standard conditions. This building block can substitute for 
any of the thjitudinc/uridine residues in che nucleic acid primer sequence. In the case of 
only one incorporated mass-modified nucleotide, the nucleic acid primer molecules 
prepared according to EXAMPLES 6 and 7 would have a mass difference of 14 daltons. 
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EXAMFLE B 

Synthesis of a nucleic acid primer mass-modified at C-5 of the heterocyclic base of 
b pyrimidine nucleoside with ethylene glycol monomethyl ether 

5 As a nucleosidic component, S^3-aTwnopropynyl-l)-2 p -deoxyiiridinc was 

used in this example (sec EXAMPLES 6 and 7). The mass-modifying functionality was 
obtained as follows: 7 61 g (100.0 mmole) freshly distilled ethylene glycol monomethyl 
ether dissolved in 50 ml absolute pyridine was reacted with 10.01 g (100 0 nunole) 
recrystaliized succinic anhydride in the presence of 1.22 g (10.0 nunole) 4-N,N* 

10 dimethylaminopyridine overnight at room temperature. The reaction was terminated by 
the addition of water (5.0 ml), the reaction mixture evaporated in vacuo, co-evaporated 
twice with dry toluene (20 ml each) and the residue redissolved in 1 00 ml 
dichloromethane. The solution was extracted successively, twice with 10 % aqueous 
citric acid (2 x 20 ml) and once with water (20 ml) and the organic phase dried over 

1 5 anhydrous sodium sulfate. The organic phase was evaporated in vacuo, the residue 
redisKnlved in SO ml dichloromethane and precipitated into $00 ml pentane and the 
precipitate dried in vacuo Yield was 13.12 g (74.0 mmole; 74 %). 8.86 g (50.0 mmole) 
of succmyiated ethylene glycol monomethyl ether was dissolved in 100 ml dioxane 
containing 5% dry pyridine (5 ml) and 6 96 g (50 0 mmole) 4-nitrophenol and 10.32 g 

20 (50.0 minole) dicyclohcxylcartodiimidc was added and the reaction run at room 
temperature for 4 hours. Dicydohexyiurea was removed by filtration, the filtrate 
evaporated fa vacuo and the residue redissolved in 50 ml anhydrous DMF. 1 2. 5 ml 
(about 12 .5 mmole 4^utrophenylester) of this solution was used to dissolve 2.81 g (10.0 
mmole) 5- (3 -aminopropyny 1- 1 >2'-deo xyuridine. The reaction was performed in trie 

25 presence of 1 .0 1 g (10.0 mmole; 1 .4 ml) triet hylomine at room temperature overnight 
The reaction mixture was evaporated in vacuo, co-evaporatcd with toluene, redissolved 
™ dichloromethanc and chromatograpbed on siKcagd (Si60 % Merck; column 4x50 cm) 
with dichloromethane/methanol mixtures. The fractions containing the desired compound 
were collected, evaporated, redissolved in 25 ml dichloromethane and precipitated into 

30 250 ml pentane. The dried precipitate of 5-(3-N-<0-succiny1 ethylene glycol monomethyl 
cther)-anudopropynyl-lV2 , ^eo^'uridinfi (yield: 65 %) is 5^0-dimethox>tritylatcd and 
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transformed into the nucleo&id^'-Ofi-cyanoethyl-N, N-dasopropylphosphoaraidite and 
incorporated as a building block in the automated oligonucleotide synthesis according 10 
standard procedures. The mass-modified nucleotide can substitute for one nr more of the 
thymidine/uridine residues in the nucleic acid primer sequence. Deprotection and 
5 purification of the primer oligonucleotide also follows standard procedures. 
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Synthesis of a nucleic acid primer mass-modified at C-5 of the heterocyclic base of 
a pyrimidhie nucleoside with di ethylene glycol monomethyl ether 

5 Nudeosidio starting material was as in previous examples. 5-(3- 

aminopropynyl-l)-2^deoxyuridine. The mass-modifying functionality was obtained 
Similar to EXAMPLE 8. 12.02 g (100.0 mmole) freshly distilled diethytene glycol 
monomeihyl ether dissolved in 50 ml absolute pyridine was reacted with 10.01 g (100.0 
mmole) reoystallized succinic anhydride m the presence of 1 .22 g (10.0 mmole) 4-N, N- 

1 0 dimethylaminopyridinc (DMAP) overnight at room temperature. The work-up was as 
described in EXAMPLE 8. Yield was 18.35 g (82.3 mmol* 82.3 %). 1 1 .06 g (50,0 
mmole) of succinylated Methylene glycol monomethyl ether was transformed into the 4- 
nitrophenylestcr and, subsequently, 12.5 mmole was reacted with 2.81 g (10.0 mmole) of 
S-CS-aminopropynji-D-^-dcoxyuridine as described in EXAMPLE 8. Yield after silica 

1 5 gel column chromatography and precipitation into pentane was 3 34 g (6.9 mnnule, 69 

%). Alter dimethoxytritylation and transformation into the nucleoside-^- 

cyanoethyjphosphoamidite, the mass-modified building block is incorporated into 

automated chemical DNA synthesis according to standard procedures. Within the 

0-t 

sequence of the nucleic acid primer UP , nne or more of the thymidine/uhdinc residues 
20 can be substituted by this mass-modified nucleotide. In the case of only one incorporated 
mass-modified nucleotide, the nucleic acid primers of EXAMPLES 8 and 9 would have a 
mass difference of 44.05 daltons 

EXAMPLE lfl 

25 

Synthesis of a nucleic acid primer mass-modified at OS of (he heterocyclic base of 
dcoxyadenosine with glycine 

6 

Starting materia! was N -benzoyl- &4>ramo-S -0-(4, 4 1 -<fimethoxytrit y 1 )-2- 
deoxyadenosine prepared according to literature (Singh tt ai , Nucleic Arid? 18 r 
30 3339-45(1990)). 632.5 mg( 1.0 mmole) crftHs S^romo-deoxyadenosfo derivative was 
suspended in 5 ml absolute ethanol and reacted with 251.2 mg (2.0 mmole) glycine 
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methyl ester (hydrochloride) in the presence of 241 4 mg (2. 1 nunole; 366 ul) N, N- 
diisopropylethylainine and refluxed until the starting nucleosidic material had disappeared 
(4-6 hours) as checked by thin layer chromatography <TLC). The solvent was 
evaporated and the residue purified by silica gel chromatography (column 2.5x50 cm) 

5 using solvent mixtures of chlorofonn/methanol containing 0. J % pyridine. The product 
tractions were combined, the solvent evaporated, the fractions dissolved in 5 ml 
dichloromethane and precipitated into 100 ml pentane Yield was 48? mg (0.76 mmoie. 
76 %). Transformation into the corresponding mideoside-B-cyanoethylphosphoamidite 
and integration into automated chemical DN A synthesis is performed under standard 

10 conditions. During final deprotection with aqueous concentrated ammonia, the methyl 
group is removed from the glycine moiety. The mass-modified building block can 
substitute one or more deoxyadenosinc/adenosine residues in the nucleic acid primer 
sequence. 

I 5 CTAMFIJ.il 

Synthesis of a nucleic acid primer mass-modified at C-8 of the heterocyclic base of 
deoxyadenosiue with glycylglycinc 

This derivative was prepared in analogy to the glycine derivative of 
20 EXAMPLE 10. 632.5 mg (1.0 ^^Inole)N 6 .Benzoy^$■brolno-5 , -(H4.4^ 

dimethoxytrityt^-deoxyadenosine was suspended in 5 ml absolute ethanol and reacted 
with 324.3 mg (2.0 mmole) glvcyl-glycine methyl ester in the presence of 241.4 mg (2.1 
nunole. 366 pi) 

H N-diisopropylcthylaniine The mixture was refluxed and completeness of the reaction 
25 checked by TLC Work-up and purification was snrilar to that described in EXAMPLE 
10. Yield after silica gel column chromatography and precipitation mtn pentane was 464 
mg (0.65 mmole, 65 %). Transformation into the mideoside-B- 
cyanoethylphosphoamidiie and into synthetic oligonucleotides is done according to 
standard procedures. In the case where only one of the deoxyadenusine/adenosine 
30 residues in the nucleic add primer is substituted by this mass-modified nucleotide, the 
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mass difference between the nucleic acid primers of EXAMPLES 10 and 1 1 is 57.03 daltons 

EXAMPLE 12 

S Synthesis of a nucleic acid primer mass-modified at the C-2* of the sugar moiety of 
2'~amino~2'-deoxythymidiiie with ethylene glycol monomethyl ether residues 

Starting material was 5 -CK4 a 4-dimethoxytrtlyt)-2 > -amino*2 > - 
deoxythyraidtae synthesized according to published procedures (e.g., Verheyden etaL. L 
Org Chftm 26, 250-254 (1971); Sasaki etaL. V Org Chew 41, 3138-3143 (1976); 

10 Cmazawa et oL J J3rg. Chem 44, 2039-204 1 (1 979); Hobbs et aL J Org Chem 42, 
714-719 (1976); Ikeharae/ ai, Chem Phamv Tinlf jiqum 2fi, 240-244 (1978); see also 
PCT Application WO 88/00201). 5 , <)-(4,4.Dimethoxytrityl}-2 , -amino-2 , - 
deoxythymidtne (559.62 mg; 1.0 mmole) was reacted with 2.0 mxnole of the 4- 
nkrophenyl ester of succinylated ethylene glycol monomethyl ether ($ee EXAMPLE 8) in 

15 10 ml dry DMF in the presence of 1.0 mmole (140 pi) triethytaraine for 18 hours at room 
temperature The reaction mixture was evaporated in vacuo, co-evaporated with 
toluene, redissolved in dichloromethanc and purified by silica gel chromatography <Si60, 
Merck; column: 2.5x50 cm; eluent: chloroform/met hnnol mixtures containing 0.1 % 
tricthyiaroine). The product containing fractions were combined, evaporated and 

20 precipitated into pentane. Yield was 524 mg (0.73 mmol, 73 %), Transformation into 
the oudeoside-fi-cyanoethyl-NJ^'^ and incorporation into the 

automated chemical DNA synthesis protocol U performed by standard procedure*. The 
mass-modified deoxythymidme derivative can substitute for one or more of the thymidine 
residues in the nucleic add primer. 

25 In an analogous way. by employing the 4-niiraphenyi ester of succinyiated 

diethyiene glycol monomethyl ether (see EXAMPLE 9) and methylene glycol 
monomethyl ether, the corresponding mass-modified oligonucleotides are prepared. In 
the case of only one incorporated mass-modified nucleoside within the sequence, the 
mass difference between the ethylene, dicthylenc and methylene glycol derivatives is 

30 44.05, 88. 1 and 132. 1 5 daltons respectively. 
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EXAMPLE 13 



Synthesis of a nucleic acid primer mass-modified in (he interaucleotidk linkage via 
alkylatiun at phosphorothioate groups 

KiDsphorothioateK»nta"wing oligonucleotides were prepared according to 
standard procedures (see e. S . Gait etai, Nnd« c Adda Res.. J2 1 183 (1991)). One, 
several or all iniermicteotide linkages can be modified hi this way. The (->M13 nucleic 
acid primer sequence ( 1 7-mer) S'-dGTAAAACGACGGCCAGT was synthesized in 0.25 
umole scale on a DNA synthesizer and one phosphorothioate group introduced after the 
final synthesis cycle (G to T coupling). Sulfiirization, deprotection and purification 
followed standard protocols. Yield was 3 1.4 nmole (12.6 °/o overall yieldX 
corresponding to 3 1.4 nmole phosphorothioate groups. Alkylation was performed by 
dissolving the residue in 3 1.4 pi TE buffer (0.01 M Tris pH 8.0. 0.001 M EDTA) and by 
adding 16 pi of a solution of 20 mM solution or 2-iodocthanol (320 nmole; i.e., 10-fold 
excess with respect to phosphorothioate diesters) in N.N^imemylfbrmamide (DMF) 
The alkylated oligonucleotide was purified by standard reversed phase HPJ.C (RP-18 
Ultraphere, Beckman; column: 4.5 x 250 mm: 100 mM triethylammonium acetate. pH 7.0 
and a gradient of 5 to 40 % acetonitrile). 

In a variation of this procedure, the nucleic acid primer containing one or 
more phosphorothioate phosphodi ester bond is used in the Sanger sequencing reactions. 
The primer-extension products of the four sequencing reactions are purified as 
exemplified in EXAMPLES I - 4. cleaved off the solid support, lyophUized and dissolved 
in 4 pi each of TE buffer pH 8.0 and alkylated by addition of 2 pi of a 20 mM solution of 
2-iodoetbanol in DMF. It is then analyzed by ES and/or MALD1 mass spectrometry. 

In an analogous way, employing instead of 2-iodoetbanol, e.g., 3- 
iodopropanol. 4-iodobulanol mass-modified nucleic acid primer are obtained with a mass 
difference of 14.03. 28.06 and 42.03 dalions rapectivdy compared to the unmodified 
phosphorothioate pliosphocfiester-coniawing oligonucleotide. 
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Synthesis of 2 1 -aminD-2^deoxyuridine-5Mripliasphate and 3'-amino-2 fl ,3 9 - 
dideotyihymiditie-S'-triphoiphate mass-modified at the 2- or 3 -amino function 
with glycine or fi-alanine residues 

Starting material was ^azido-T-deoxyuridine prepared according lo 
5 literature (Verheyden at qA, J Q f fr CM* 26, 250 (197 1 )) t which was 4,4- 

dimethnxytritylated at 5'-OH with 4,4-dimethoxytrityl chloride in pyridine and acetyiated 
al 3'-OH with acetic anhydride in a one-pot reaction using standard reaction conditions. 
With 191 mg (0.71 mmole) 2'~azido-2 < -dcoxyufidine as starting material, 396 mg (0,65 
nimol, 90.8 %) S'-^M^-dimettoxytrit^ was 

10 obtained after purification via silica gel chromatography. Reduction of the azido group 
was performed using published conditions (Bam et aL. Tetrahedron 46 . 587-594 
(1990)). Yield of 5'-0-(4 t 4-dimethoxytrityl)-3^<)-a^^ after 
silica geJ chromatography was 288 mg (0.49 mmole; 76 %). This protected 2*-ammo-2 r - 
deoxyuridine derivative (S88 mg, 1.0 mmole) was reacted with 2 equivalents (927 mg, 

15 2.0 mmole) N-Fmoc-glycine pcntailuoropheny! ester in 1 0 ml dry DMF overnight at 
room temperature in the presence of 1.0 mmole (174 jil) N,N-diuoprop>Hethylanune. 
Solvents were removed by evaporation in vacuo and the residue purified by silica gel 
chromatography. Yield was 71 1 mg (0.71 mmole, 82 %). Detritylation was achieved by 
a one hour treatment with 80% aqueous acetic add at room temperature. The residue 

20 was evaporated to dryness, co-evaporated twice with toluene, suspended in 1 ml dry 

acetonhrile and ^-phospboryiated with POCI3 according to literature (Ynshikawa et al. , 
Bull Chgm. SQfi fapaa 42* 3505 (1969) and Sowa et aL. Bull. Chem Soc Japan 48. 
2084 (1975)) and directly transformed in a onc-pot reaction to the 5 '-triphosphate using 3 
ml of a 0.5 M solution (1.5 mmole) tetra (tri-n-but>iamraoTuum) pyrophosphate in DMF 

25 according to literature (e.g. Seela tt nl, Helvetica Chimica Ada 21 1 048 { 1 99 1 ». The 
Finoc and the 3'-0-acetyl groups were removed by a one-hour treatment with 
concentrated aqueous ammonia at room temperature and the reaction mixture evaporated 
and lyophifoed Purification also followed standard procedures by using ani on-exchange 
chromatography on DEAH-Sephadex with a fincar gradient of triettiylaznmonium 

30 bicarbonate (0.1 M- 1.0 M). Triphosphate containing fractions (checked by thin layer 
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chromatography on poJycthyicnciminc cellulose plates) were collected, evaporated and 
lyophilized. Yield (by UV-absoibance of the uracil moiety) was 68% (0.4B mmote). 

A gJycyLglycine modified I'-amino^deoxwridine-S-tiiphosphate was 
obtained by removing the Fmoc group from 5 , -0-(4,4-dimethoxytrityl)-3 -0-acetYl-2 , -N- 

5 (T^fluoiraylmethyloxycaAony^ by a one-hour 

treatment with a 20% solution of piperidine in DMF at room temperature, evaporation of 
solvents, two-fold co-evaporation with toluene and subsequent condensation with N- 
pmoc-glycine pentafluorophenjd ester. Starting with 10 mmole of the 2*-N-glycyl-2 1 - 
anrino-2 ~deoxyuridine derivative and following ihe procedure described above, 0.72 

i 0 mmole (72%) of the corresponding 2 , ^'g^ycyl-gly^l)-2 , -amino-2 , ^eoxyuridine-5 , - 
triphosphate was obtained. 

Starting with y-0^4,4-dimcthoxytrityl)-3 , -0'ace^yl-2 , -a^llino-2 , - 
deoxyuridine and coupling with N-Fmoc-D-alanine pentafluorophenyl ester, the 
corresponding 2 , -(K-fl-alanyl)-2 , -ammo-2 , »deQxyuridine-5 , -triphosphate can be 

1 5 synthesized. These modified nucleoside triphosphates are incorporated during the Sanger 
DNA sequencing process in the primer-extension products. The mass difference between 
the glycine, B-alanine and glycyi-glycine mass-rooditied nucleosides is, per nucleotide 
incorporated, 58,06, 72.09 and 113.1 daltons respectively. 

When starting with 5 , -0-(4 1 4HHmethoxytrily^>3^amino-2 , 1 3 , - 

IX) dufcoxythymidine (obtained by published procedures, see EXAMPLE 12), the 

corresponding 3^<N~glycyn-3^am5n^ 3H-N-glycyl^ycyI)-3 , -aminoV and y^(N^ 
alan>4)-3 , -aniino-2 , f 3 , ^deaxytJQfmkiin^ can be obtained. These mass- 

modified nucleoside triphosphates serve as a terminating nucleotide unit in the Sanger 
DNA sequencing reactions providing a mass difference par terminated fragment of 58.06, 

25 72,09 and U 5 . 1 daltons respectively when used in the multiplexing sequencing mode. 
The mass-differentiated figments can then be analyzed by ES and/or MALD1 mass 
spectrometry. 
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Sy nthesis of d*oiyuridinc^5' -triphosphate mass-modified at C-5 or the heterocyclic 
bflj e with glycine, glycy Ugly cine and 0-alaniiie residues. 

0.28J g(J.O mmole} S^-Aminopropynyl-O^-deoxyiiridinetsee 
EXAMPLE 6) was reacted with cither 0.927 g (2.0 mmole) N-Fmoc-glycine 
5 pentafluorophenylester or 0.95 5g (2.0 mmole) N-Fmoc-B-alanine pemafluorophenyJ ester 
m 5 ml dry DMF in the presence of 0. 129 g N, N-diisopropylethylamine (174 ul, 1.0 
mmole) overnight at room temperature. Solvents were removed by evaporation in vacuo 
and the condensation products purified by flash chromatography on silica gel (St 31 etoL % 
J. Org Chem 42, 2923-2925 (197*)). Yields were 476 mg (0.85 mmole; 85%) for the 

10 glycine and 436 mg (0.76 rnmolc: 76%) for the Alanine derivatives For the synthesis of 
the glycyl-glycine derivative, the Fmoc group of 1.0 mmoJe Fmoc-glyoine-deoxynridine 
derivative was removed by one-hour treatment with 20% piperidine in DMF at room 
temperature. Solvents were removed by evaporation m vacuo, the residue was co- 
evaporatcd twice with toluene and condensed with 0.927 g (2.0 mmole) N-Fmoc-glyciiie 

15 pentafluorophcnyJ ester and purified as described above. Yield waj 445 mg (0.72 mmole; 
72%). The glycyl-, glycyl-glycyl- and B-alanjd-2'-deoxyuridrnc derivatives, N-protected 
with the Fmoc group were transformed to the 3-O-acetyi derivatives by tritytaiion whh 
4,4-ffimethoxytrityi chloride in pyridine and acetylstioo with acetic anhydride in pyridine 
in a one-pot reaction and subsequently detrifylated by one hour treatment with 80% 

20 aqueous acetic add according Co standard procedures. Solvents were removed, the 
residues dissolved in 100 ml chloroform and extracted twice with 50 ml 10% sodium 
bicarbonate and once whh 50 ml water, dried with sodium sulfate* the solvent evaporated 
and the residues purified by flash chromatography on silica gel. Yields were 361 mg 
(0.60 mmole; 71%) for the glycyK 35 1 mg (0.57 mmole; 75%) for the B-alauyl- and 323 

25 mg (0.49 mmole: 68%) for the glycyh^cyl^.a-acetyl^'^eoxyuridino derivatives 
respectively. Phosphorylation at the 5'-OH with POa 3 , transformation into the 5 1 - 
trtphosphafe by invito reaction with tetra(tri-n-buty I ammonium) pyrophosphate in DMF, 
3'-de*0-acctylation, deavage of the Fmoc group, and final purification by anion-exchange 
chromatography on DEAE-Sephadex was performed as described in EXAMPLE 14. 

30 Yields according to UV-absorbanoe of the uracil moiety were 0.4 1 mmole 5-0-(N- 

glycyl)-amidopropynyl-l^ 0.43 mmole 5-f3-(N-B~ 
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alraylVaniJd^r^yl-l^'Mleoxyuridine-S'-triphosplutte (75%) and 0.38 ramole 
(N^rycyl-glycyQ-amidopropynyl-l)-2'-deox^ 

These mass-modified nucleoside triphosphates were incorporated during the 
Sanger DN A sequencing primer-extension reactions. 

When using 5-(3^mmopropynyl-1)-2^dideoxyuridine as starring materia) 
and following an analogous reaction sequence the corresponding glycyl-, glyc>4-glycyl- 
andfl-alanyi-J^'-didetwyuridine-S'HriphosjdiateswCTe obtained inyiddsof69, 63 and 
71% respectively. These mass-modified nucleoside triphosphates serve as chain- 
terminating nucleotides during the Sanger DNA sequencing reactions. The mass- 
modified sequencing ladders are analyzed by other ES or MALD1 mass spectrometry. 

EXAMPLE W 

Synthesis of 8-glycyl- and g-glycyl-glycyl^'-deoiyailenosioe-S'-triphosphate 

727 mg (1.0 mmole) of NV4-tert-butylphenoxyacetyl)-8-glyeyl-S , -<4,4- 
diraethoxytrityl)-2'- deoxyadenosine or 800 mg (1 .0 mmole) N -(4-tert- 
butylphenoxyacetyl>8^lycyl-glycyl^^^^ 

according to EXAMPLES 1 0 and 1 1 and literature (Koster et at, Tetrahedron 22, 362 
(198 1 )) were acetylated with acetic anhydride m pyridine at the 3-OH deiritylatcd at the 
5'-postion whh 80% acetic acid in a one-pot reaction and transformed into the 5'- 
triphosphates via phosphorylation with POCJ 3 and reaction in-aittt with tetra(tri-n- 
butylammonium) pyrophosphate as described in EXAMPLE 14. JJeproieciion of the N - 
tert-butytphenoxyacetyl the J'-O-acetyl and the O-melhyl group at the glycine residues 
was achieved whh concentrated aqueous ammonia for ninety minutes at room 
temperature. Ammonia was removed by lyopbilization and the residue washed with 
dichlorometbajie. solvent removed by evaporation in vacuo and the remaining solid 
material purified by anion-exchangc chromatography on DEAE-Sephadex using a linear 
gradient of trietbylammonium bicarbonate from 0.1 to 1.0 M. The nucleoside 
triphosphate containing fractions (checked by TLC on polyethyleneiminc cellulose plates) 
were combined and tywpWlBzed. Yield of the 8-glycyl-2 , wleoxyadenosine.5^triphosphate 
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(determined by UV-absorbance of the adenine moiety) was 57% (0.57 ramole). The yield 
for the R-glycyl-glycyl^^deoxyadenosine-y-triphosphate was 51% (0.51 mmole). 

These mass-modified nucleoside triphosphates were incorporated during 
primer-extension in the Sanger DNA sequencing reactions. 

When using the corresponding N6-{4-tert-butyJphenoxyacety])-8-g]ycy]- or 
-gtycyH1ycyl-5'-0^4,4^ derivatives as starting 

materials prepared according to standard procedures {see, e.g., for the introduction of ihe 
2\3'-fimction: Scela etaL, Helvetica rhimici Arm J4, 1 048* J 058 (1991)) and using an 
analogous reaction sequence as described above, die chain-terminating mass-modified 
nucleoside triphosphate* K-glycyl- and S-glycyl-glycyl^'J'^dideflxyadenosine^.S 1 - 
triphosphates were obtained in S3 and 47% yields respectively. The mass-mo diiied 
sequencing fragment ladders are analyzed by either BS or MALDI mass spectrometry. 

EXAMPLE 1 7 

Mass-modification of Sanger DNA sequencing fragment ladders by incorporation 
of chain-elongating 2*-deuxy- and chain-terminating 2\3 , -didfcoxythymidine-5 f - 
(ntphn-S- )- triphosphate and subsequent alky la t ion with 2-iodoethanol and 3- 
iodopropanol 

2\3'-Wdeasythymidine-y^a^ was prepared according to 

published procedures {e.g., for the alpha-S-triphosphate moiety Fxkstein et a! , 
Btochemirtiyia, 1685 (1976) and AttffunttChtfti Be& 12, 204 (1978) and for the 2\3'~ 
dideoxvmotetv: Seelagf Helvetica Qiimiea Aera f ?4, 1048-105B (1991)). Sanger 
DNA sequencing reactions employing 2 , -deoxythymidin€-5'-(a] pha~S)- tri phosphate are 
performed according to standard protocols (e.g. Eckstein, Ann Rev, Bmchem 54, 367 
(J 985)). When using 2\3 v ^fidea^ynndine^S4alpha-SHriphosphates 1 this is used 
instead of the unmodified ^S'-didOTxythyn^dme-S'-triphosphate in standard Sanger DNA 
seciuencinefseee-g S^dlowg/^.. Nticlac Adds 18 J41 5-14 19 (1990)). The 
template (2 pinole) and the nucleic acid Ml 3 sequencing primer (4 pmole) modified 
according to EXAMPLE 1 are annealed by heating to 6S°C in 100 ul f 10 mM Tris-HCl 
pH 7.5, 10 mM Mgd 2 , 50 mM NaCl, 1 niM dithiothreitol (DTT) for 5 min and si wiy 
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brought to 37°C during a one hour period. The sequencing reaction mixtures contain, as 
exemplified for the T^pedfic tciOTiwtbn reaction, in a final volume ofl 50 ul, 200 uM 
(final concentration) each ofdATP, dCTP, dTTP, 300 uM c7-deaza-dGTP, 5 uM 2\3'- 
tBdeoxythyinidine-SXalpha-SHriphosphate and 40 units Sequenase (United States 
Biochemicals). Polymerization is performed for 10 min at 37 C. the reaction mixture 
heated to 70°C to inactivate the Sequenase, ethanol precipitated and coupled to thiolated 
Sequdon membrane disks (8 mm diameter) as described in EXAMPLE I AlkyiaUon h 
performed by treating the disks with 10 ul of 10 mM solution of either 2-iodoethanol or 
3-iodopropanol m NMM (N-methylmorpliOttne/water/2-prtsparol, 2/49/49, v/v/v) (three 
tunes), washing with 10 ul NMM (three times) and cleaving the alkylated T-terminated 
primer-extension products off the support by treatment with DTT as described in 
EXAMPLE 1 . Analysis of the mass-modified fragment families is performed with other 
ES or MALDI mass spectrometry. 



fly AMP! ,E 18 



Analysis of a Mixture of Ol'tgoihymidylic Acids 

Oligomymidylio arid, ofigo p(dT), 2 _ lg , i* commercially available (United 
States Biochemical Cleveland. OH). Generally, a matrix sohiuon of 0.5 M in ethanol 
was prepared. Various matrices were used for this Example and Examples 19-21 such 
as 3,5-dihydroxybenzoic arid, sdnapinic add, 3-hydroxyriMlmic arid, 2,4.6- 
trihydroxyacetopnenone. Oligonucleotides were lyophilized after purification by MPLC 
and taken up in ultrapure water (MilhQ, Millipore) using amounts to obtain a 
concentration of 1 0 pmoles/ul as stock solutioa An aliquot (l ul) of this concentration 
or a dilution in ultrapure water was mixed with 1 pi of the matrix solution on a fiat metal 
surface serving as the probe tip and dried with a fan using cold air. In some experiments, 
cation-ion exchange beads in the acid form were added to the mixture of matrix and 
sample solution. 

MALD1-TOF spectra were obtained for this Example and Examples 1 9-2 1 
on different commercial instruments such as Virion 2000 (Fmnigan-MAT), VG TofSpec 
(Fisoos Instruments), LaseiTec Research (Vestec). The conditions for this Example were 
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linear negative ion mode with an acceleration voltage of 25 k V. The MALDI-TOF 

spectrum generated is shown in FIGURE 14. Mass calibration was done externally and 

generally achieved by using defined peptides of appropriate mass range such as insulin, 

gramicidin S, trypsinogen, bovine serum albumen, and cytochrome C. All spectra were 

5 generated by employing a nitrogen laser with 5 nsec pulses al a wavelength oF337 nm. 

6 7 2 

Laser energy varied between 10 and 10 W/cm . To improve signaMo-noise ratio 
generally, the iniensitics of 10 to 30 laser shots were accumulated. 
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Mass Spectrometry Analysis of a 5<Mner And a 99-mer 

Two Urge oligonucleotides were analyzed by mass spectrometry. The 50- 

5 mer 

d (TAACGGTCATTACGGCCATTGACTGTAGQACCTGCAITACATGACTAGCT) 
(SEQ ID NO;3) and dT(pdT) 99 were used The oligodeoxynucleotides were synthesized 
□sing P-cyatioethylpbosphoamiditcs and purified using published procedures.(e.g. N.D. 
Sinha, J. Biemat, I. McManus and H. Kdster, NwtecAcirfs Ktt„ 12, 4539 (1984)) 

10 employing commercially available DNA synthesizers from cither Millipore (Bedford, MA) 
or Applied Biosysteras (Foster City, CA) and HPLC equipment and RP 1 8 reverse phase 
columns from Waters (Milford, MA) The samples for mass spectrometry analysis were 
prepared as described hi Example 18. The conditions used for MAI .DI-MS analysis of 
each oligonucleotide were 5O0 finol of each oligonucleotide, reflection positive, ion mode 

15 with an acceleration of 5 kV and postacceieration of 20 kV. The MALDI-TOF spectra 
generated were superimposed and are shown in FIGURE 15. 



20 Simulation of ilie DNA Sequencing Results of FIGURE 2 

The 13 DNA sequences representing the nested dT-terminated fragments 
of the Sanger DNA sequencing for the 50-mer described in Example 19 (SEQ ID NO J) 
were synthesized as described in Example 19. The samples were treated and 500 finol of 
each fragment was analyzed by MALDI-MS as described in Example 1 8. The resulting 

25 MALDI-TOF spectra are shown in FIGURE 1 6. The conditions were reflceiron positive 
ion mode with an acceleration of 5 kV and postacceleralion of 20 kV. Calculated 
molecular masses and experimental molecular masses are shown in Table I 

The MALDI-TOF spectra were superimposed (FIGURE 17) to 
demonstrate that the individual peaks are resolvable even between the 10-mer and 1 1-tner 

30 (upper panel) and the 37-mer and 3ft-mer (lower panel). The iwo panels show two 
different scales and the spectra analyzed at that scale 
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MALDf-MS Analysis of a Mass-Modified Oligonucleotide 
5 A 17-mer was mass-modified at C-5 of one or two deoxyuridine moieties. 

5-( 1 3-(2-Methoxy^hoxyl)-tridecyne- 1 -yll-S'-O^^'-diniethoxyiriiyO-Z'-deoxjiiriditte-a- 
P-cyanoelhyl-K N-diisopropylphosphoamidite wax used to synthesize the modified 17- 
mers using the methods described in Example 10. 
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The modified 17-tners were 

X 

I 

a: d (TAAAACGACGGCCAGUG) (molecular mass: 5454) 
5 (SEQ1DN0:4) 

X X 

I I 
b: d (UAAAACGACGGCCAGUG) (molecular mass 5634) 

10 (5EQIDNO:5) 

where X = -OC-lCItyi i"0H 
(unmodified 17-mer: molecular mass: 5273) 

15 

The samples were prepared and 500 finol of each modified 17-mer was 
analyzed using MALD1-MS as described in Example 18. The conditions used were 
reflectroo positive ion mode with an acceleration of 5 kV and po*taccderation of 20 IcV. 
The MALDI-TOF spectra which were generated were superimposed and are shown in 
20 FIGURE 18. 

EXAMPLE 72 

Detection of Polymerase Chain Reaction Products Containing 7-Deatapurine 

25 

MATERIA! S AW? MEEHQBS 

PCllan/pitftcations 

The following oligodeoxynucleotide primers were either synthesized 
according to standard phosphoamidke chemistry (Sinha, N.D,. el al.. (1983) Tetrahedron 
30 Let. Vol. 24, Pp. 5843-5846; Sinha. N.U., etal, (I'M) Nuctoc Acids Vol. 12, Pp. 
4539-4557) on a MilliGen 7500 DNA synthesizer (MDlipore. Bedford, MA USA) in 200 
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nmoJ scales or purchased from MWG-Biotech (Ebersberg, Germany, primer 3) and 
Biomctra (Guettingen, Germany, primers 6-7). 



primer 1: 


5»- 


GTCACCCTCGACCTGCAG 


SEQ. ID. NO. 6); 


S primer 2: 


5>- 


TTGTAAATiCGACGGCCAGT 


(SEQ. ID. NO 7); 


primer 3: 


5'- 


CTTCCACCGCGATGTTGA 


(SEQ. ID. NO. 8); 


primer 4: 


S»- 


CAGGAAACAG C TAT GAC 


(SEQ. ID. NO. 9); 


printer 5: 


5'- 


GrAAAACGACGGCCAGT 


(SEQ. ID. NO. 10); 


primer 6 


Ri _ 


GTCACCCTCGACCTGCAgC 


(g: RiboG) (SEQ. ID. KO. 1 1): 


10 primer 7 


5'- 


GTTGTAAAACGAGGGCCAgT <g: RiboG) (SEQ. ID. NO. 12), 



The 99-mer and 200-mer DNA strands (modified and unmodified) as well 
as the ribo- and 7~deaza-niodified 100-roer were amplified from pRFcl DNA (10 ng, 
generously supplied S. Feyerabend, University of Hamburg) in 100 uL reaction volume 
containing 10 mmol/L KCL 10 ramoI/L (Nti^SO^ 20 mmoWL Tris HQ (pH = *£\ 2 

1 5 mmol/L MgS0 4l (exQ(-)Pseudococcus fimosus (Pfu) -Buffer, Pharmacia. Freiburg, 

Germany). 0.2 mmol/L each dNTP (Pharmacia, Freiburg, Germany), 1 umol/L of each 
primer and I unit ofcxo(-)/yi/ DNA polymerase (Stratagene, Heidelberg, Germany ) 

For the 99-mer primers 1 and 2, for the 200-mer primers J and 3 and for 
the 100-mer primers 6 and 7 were used. To obtain 7-deazapurine modified nucleic acids, 

20 during PCR-ampiificaiioa dATP and dGTP were replaced with 7-deaza-d ATP and 7- 
deaza-dGTP The reaction was performed in a thermal cyder (Omni Gene, MWG- 
Biotech, Ebersberg, Germany) using the cycle: denaiuration at 95 °C for 1 min., annealing 
at S1°C for 1 min. and extension at 72 D C for I min. For aD PCRs the number of reaction 
cycles was 30. The reaction was aHowed to extend for additional 1 0 min. at 72 "C after 

25 the last cycle. 

The 103-mer DNA strands (modified and unmodified) were amplified 
from Ml3mpl8 RFI DMA (100 ng, Pharmacia, Freiburg. Germany) in 100 uL reaction 
volume using primers 4 and 5 all other concentrations were unchanged. The reaction was 
performed using the cycle: denaiuration at 95 *C for 1 m3n., annealing at 40 °C for 1 min. 
30 and extension at 72*C for I min. After 30 cydes for the unmodified and 40 cycles for 
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the modified 103-mer respectively, the samples were incubated frr additional 10 rnin. at 
72"C. 

Synthesis of S'. f V ' '-PJ-kbetedPCR-primers 

5 Primers 1 and 4 were 5'-[" 2 -P]-labeled employing T4-polynuc]eotidkinsse 

(Epicentre Technologies) and (y- 32 P)-ATP (BLU/NGG/502A, Dupont, Germany) 
according to the protocols of the manufacturer. The reactions were performed 
substituting 10% of primer 1 and 4 in PCR with the labeled primers under otherwise 
unchanged reaction-conditions. The amplified DMAs were separated by gel 

10 electrophoresis on a 10% polyacryUmide gel. The appropriate bands were excised and 
counted on a Packard TRI-C ARB 460C liquid scintillation system (Packard. CT, USA). 

Primer-cleavage from nbf>-modified PCR-prodiict 
The amplified DNA was purified using Ultraftee-MC filter units (30,000 
15 NMWL), it was then redfcsolved in 100 pi of 0.2 moll. NaOH and heated at 95 T for 25 
minute i. The solution was then acidified with HCl (1 tnol/L) and further purified for 
MALDI-TOF analysis employing Ultrafree-MC fiber units (10,000 NMWL) as described 
below. 

20 [*wiftcat)on of PCR products 

AD samples were purified and concentrated using Ultrafree-MC units 
50000 NMWL (Miflipore, Eschborn, Germany) according to the manufacturer's 
description. After lyophilisauon, PCR products were redissolved In 5 uL (3 uL for the 
200-nter) of ultrapure water. This analyte solution was directly used for MALDI-TOF 

25 measurements. 

MALD1-TOFMS 

Aliquots of 0.5 pL of analyte solution and 0.5 uL of matrix wduuon (0.7 
mol/L 3-HPA and 0.07 mol/L ammonium citrate in acctonitri!eAvater (1:1. v/v)) were 
30 mixed on a flat metallic sample support. After drying at ambient temp rature the sample 
was introduced into the mass spectrometer for analysis. The MALDI-TOF mass 
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spectrometer used was a Finnigan MAT Vision 2000 (Finnigan MAT. Bremen, 

Germany), Spectra were recorded in the positive ion reflector mode with a 5 keV ion 

source and 20 keV postaoceleration. The instrument was equipped with a nitrogen laser 

-8 

(337 nm wavelength). The vacuum of the system was 3-4» 10 hPa in the analyzer 
5 region and 1 -4* I cf ~ hPa in the source region. Spectra of modified and unmodified DNA 
samples were obtained with the same relative laser power; external calibration was 
performed with a mixture of synthetic oligodeoxynucleo tides (7-to50-mer). 

R^JLTSANPp|^Uff.M0N 
10 Enzymatic synthesis of 7-dea za purine nucleotide containing nucleic 

acids by PGR 

In order io demonstrate the feasibility of MALDl-TOF MS For the rapid, 
gel-free analysis of short PGR products and to investigate the effect of 7-deazapurine 
modification of nucleic acids under MALDl-TOF conditions, two different primer- 

1 5 template systems were used to synthesize DNA fragments. Sequences are displayed in 
Figures 24 and 25. While the two single strand* of the 103-mer PGR product had nearly 
equal masses (Am= 8 u), the two single strands of the 99-mer differed by S26 u. 

Considering the facts that 7-deaza purine nucleotide building blocks fbr 
chemical DNA synthesis are approximately 160 limes more expensive than regular ones 

20 (Product Information, Glen Research Corporation, Sterling, VA) and their application in 
standard 0-cyaflO-phosphoamidhe chemistry i* not trivial (Product Information, den 
Research Corporation, Sterling, VA; Schneider , K and B.T. Chait (1995) Nucleic Acids 
Jies.23. 1570) the cost of 7-deaza purine modified primers would be very high. 
Therefore, to increase the applicability and scope of the method, aD PCRs were 

25 performed using unmodified oligonucleotide primers which arc routinely available. 

Substituting dA TP and dGTP by c 7 -dATP and c'-dGTP in polymerase chain reaction led 
to products containing approximately 80% 7-deaza-purine modified nucleosides for the 
99-roer and 1 03-mer; and about 90% for the 2GQ-mer, respectively. Table 11 shows the 
base composition of all PCR products. 
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TABLE 1( 

Base composition of the 99-mer, 103-mcr and 20lMner PGR amplification products 
(unmodified and 7-deaza purine modified) 



10 



15 



20 



25 



DHA- 

fragir.ent« : 

200-mfcis "~ 
modified 

20'1-nier $ 
203-ner s 
modifier 

200-mer a 
l03-«ter » 
modified 

] G3-mer * 
103-aier a 
modified 

103-Rier £ 

rtodified 99- 
aex s 

a 

modified 99- 
roe; a 



c^-dea**- c -deaza- 



54 
54 

56 
56 

28 

28 
28 

34 
34 

20 
20 



34 
34 

56 
56 

23 
25 

24 
24 

21 
21 

24 
24 



56 

6 



34 



24 

6 

23 
7 

24 
6 



56 
5 

54 
4 

28 
$ 

20 

5 

34 
4 



50 



31 



16 



16 



13 



18 



51 



50 



23 



24 



30 



rol. 
nodtficati 
on* 



SO* 



92* 



T9r. 



7HV 



a 7* 



1 V and n *T describe "sense* and ,, entisense ,, strands of the double-stranded PCR 
product. 

2 indicates relative modification as percentage of 7-deaza purine modified nucleotides of 
total amount of purine nucleotides. 



30 However, it remained to be determined whether 80-90% 7-dcaza-purine 

modification would be sufficient for accurate mass spectrometer detection. It was 
therefore important to detennine whether all purine nucleotides could be substituted 
during the enzymatic amplification step It was found that z*o{-)PseudwiLwfiinosus 
(Pfu) DN A polymerase indeed could accept c 7 -d ATP and c'-dGTP in the absence of 

35 unmodified purine triphosphates. However, the incorporation was less efficient leading 
to a lower yield of PCR product (Figure 26). Ethidium-bromidc stains by intercalation 
with the stacked bases of the DNA-douWestrand Therefore lower band intensities in the 
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eihidium-broinide stained gel might be artifacts since (he modified DNA^strands do not 
necessarily need to give the same band intensities as the unmodified ones 

To verify these results, the PCRs with [ 32 PJ-labelcd primers were 
5 repeated. The autorsdiograni (Figure 27) dearly shows lower yields for the modified 
PCR-products. The bands were excised from the gel and counted. For all PCR products 
the yield of the modified nucleic acids was about 50%, referring to the corresponding 
* unmodified amplification product. Further experiments showed that exo{-)DeepVent and 
Vent DNA polymerase were able to incorporate c 7 -dATP and c 7 «dGTP during PCR as 

10 well. The overall performance, however, turned out to be best for the exo<-)/5& DNA 
polymerase giving least side products during amplification. Using all three polymerases, 
it was found that such PCRs employing g 7 -dATP and c'-dGTP instead of their isosteres 
showed less side-reactions giving a cleaner PCR-product. Decreased occurrence of 
amplification side products may be explained by a reduction of primer mismatches due to 

1 5 a lower stability of the complex formed from the primer and the 7-deaza-purine 

containing template which is synthesized during PCR. Decreased melting point fur DIM A 
duplexes containing 7-deaza-purine have been described (Mizusawa, S. et at % (1986) 
Nucleic Acids Res.. 14, 1 3 1 9-1 324). In addition to the three polymerases specified above 
(exo(-) Deep Vent DNA polymerase, Vem DNA polymerase and exo(-) (P/uj DNA 

20 polymerase), tt is anticipated that other polymerases, such as the Large Klenow fragment 
of E.coli DNA polymerase, Stquenase, Taq DNA polymerase; and U AmpIiTaq, 
AmpliTaq or AmpJiTaq TS DNA polymerase can be used. In addition, where RNA is the 
template, RNA polymerases, such as the SP6 or the T7 RNA polymerase, must be used 

25 MALD1-TOF mass spectrometry of modified and unmodified PCR 

products. 

The 99-mer, 103-mer and 200-mer PCR products were analyzed by 
MALDI-TOF MS. Based mi past experience; it was known that the degree of 
depurination depends on the laser energy used for desorption and ionization of the 
30 anaJyte. Since the influence of 7-deazapurine modification n fragmentation due to 
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depurination was to be investigated, all spectra were measured at the same relative laser 
energy. 

Figures 28a and 28b show the mass spectra of the modified and 
unmodified 103-nter nucleic acids. In case of the modified 103-mer, fragmentation 
causes a broad <M+H)* signal. The maximum of the peak is stifled to lower masses so 
that the assigned mass represents a mean value of (M+H) signal and signals of 
fragmented ions, rather than the (M+H) + signal itself. Although the modified 103-mer 
still contains about 20% A and O from the oligonucleotide primers, it shows less 
fragmentation which is featured by much more narrow and symmetric signals Especially 
peak tailing on the lower mass side due to depurination, is substantially reduced Hence, 
the difference between measured and calculated mass is strongly reduced although it is 
still bebw the expected mass. For the unmodified sample a (M+H) signal of 3 1 670 was 
observed, which is a 97 u or 0.3% difference to the calculated mass. While, in ca*e of the 
modified sample this mass difference diminished to 10 u or 0.03% (3 17 ] 3 u found, 3 1723 
u calculated) These observations are verified by a significant increase in mass resolution 
of the (M+H) + signal of the two signal strands (m/Am = 67 as opposed to 18 for the 
unmodified sample with Am ^ full width at half maximum, fwhm). Because of the low 
mass difference between the two single strands (8 u) their individual signals were not 
resolved. 

With the results of the 99 base pair DTQA fragments the effects of 
increased mass resolution far 7-deazapurine containing DN A becomes even more 
evident. The two single strands in the unmodified sample were not resolved wen though 
the mass difference between the two strands of the PCR product was very high with 526 
u due to unequal distribution of purines and pyrimi<fines (figure 29a). In contrast to this, 
the modified DNA showed distinct peaks for the two single strands (figure 29b) which 
makes the superiority of this approach for the determination uf molecular weights to gel 
electrophoretic methods even more profound. Although base line resolution was not 
obtained the individual masses were abled to be assigned with an accuracy of 0. 1%: Am 
- 27 u for the lighter <ca)c. mass 30224 u) and Am - 1 4 u for the heavier strand (calc. 
mass * 30750 u). Again, it was found that the full width at half maximum was 
substantially decreased for the 7-deazapurinc containing sample. 
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In case of both the 99-mer and 103-mer the 7-deazapurine containing 
nucleic acids seem to give higher sensitivity despite the feet that they still contain about 
20% unmodified purine nucleotides. To get comparable signaMo-noise ratio at similar 
intensitien for the (M+H) signals, the unmodified 99-mer required 20 laacr shots in 
contrast to 12 for the modified one and the 103-mer required 12 shots for the unmodified 
sample as opposed to three for the 7-deazapurbe nucleoside-oontaining PCR product 

Comparing the spectra of the modified and unmodified 20CMner 
* ampticons, improved mass resolution was again found for the 7-deazapurine containing 
sample as well as increased signal intensities (figures 30a and 30b). While the signal of 
the single strands predominates in the spectrum of the modified sample the A-stiplex 
and dimers of the single strands gave the strongest signal for the unmodified sample 

A complete 7-deaza purine modification of nucleic acids may be achieved 
either using modified primers in PCR or cleaving the unmodified primers from the 
partially modified PCR product. Since disadvantages ate associated with modified 
primers, as described above, a 1 00-raer was synthesized using primers with a ribo- 
modification. The primers were cleaved hydrolylicalJy with NaOH according to a method 
developed earlier in our laboratory (Koester, H. et at., £ Physiol Chem. 359: 1570- 
1589). Figures 31a and 31b display the spectra of the PCR product before and after 
primer cleavage. Figure 3 lb shows that the hydrolysis was successful: Both hydrolyzed 
PCR product as well as the two released primers could be detected together with a small 
signal from residual uncleaved 1 00-raer. This procedure is especially useful for the 
MALDI-TOF analysis of very short PCR-products since the share of unmodified purines 
originating from the prima' increases with decreasing length of the amplified sequence. 

The remarkable properties of 7-deazapurme modified nucteic acids can be 
explained by either more effective desorption and/or ionization, increased ion stability 
and/or a lower denaturation energy of the double stranded purine modified nucleic acid. 
The exchange of the N-7 for a rac thine group results in the loss of one acceptor for a 
hydrogen bond which influences the ability of the nucleic acid to form secondary 
stnictuies due to non-Wat son-Crick base pairing (Seda, F. and A. Kehne (1987) 
Biochemistry, 16, 2232-2238 ), which should be a reason for better desorption during the 
MALD1 process. Inadditi ut this the aromatic system of 7-deazapurine has a lower 
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electron denary thai weakens Watson-Crick base pairing resulting in a decreased melting 
point (Mizusawa, S. ei al. v (1986) Nucleic Adds Res,. 14, 13 19-1324) of the double- 
strand. This effect may decrease the energy needed for denaturation of the duplex in the 
MALD1 process. These aspects as well as the loss of a sue which probably will carry a 

5 positive charge on the N-7 nitrogen renders the 7-deazapurine modified nucleic acid less 
polar and may promote the effectiveness of desorplion. 

Because of the absence of N-7 as proton acceptor and the decreased 
polarizaiton of the C-N bond in 7-deazapurine nucleosides depurimrtion following the 
mechanisms established for hydrolysis in solution is prevented. Although a direct 

1 0 correlation of reactions in solution and in the gas phase is problematic, less fragmentation 
due to depurinatlon of the modified nucleic acids can be expected in the MALDl process. 
Depurination may either be accompanied by loss of charge which decreases the total yield 
of charged species or it may produce charged fragmentation products which decreases 
the intensity of the non fragmented molecular ion signal 

1 5 The observation of both increased sensitivity and decreased peak tailing of 

the (M-t-H)" signals on the lower mass side due to decreased fragmentation of the 7- 
deazapurine containing samples indicate that the N-7 atom indeed is essential for the 
mechanism of depurination in the MALD1-TOF process. In conclusion, 7-deazapurine 
containing nucleic acids show distinctly increased ion-stabilUy and sensitivity under 

20 MALDl -TOF conditions and therefore provide for higher mass accuracy and mass 
resolution. 

EXAMPLE 23 

25 Solid State Sequencing and Mass Spectrometer Detection 

M ATTRTAT is AND METHODS 

Oligonucleotides were purchased from Operon Technologies (Alameda, 
CA) in an irapurified form. Thar sequences are listed in Table in. Sequencing reactions 
30 were pexf rmed on a solid surfcee using Teagents from the sequencing kit for Sequence 
Version 2.0 (Amersham, Arlington Heights, Illinois). 
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Swt«nctttzit39 j mer tamt 
Sequencing complex: 
5 1 -TCTGGCCTGGTGCAGGGCCTATTGTAGTTGTGACGrACA- ( A* J a - 3 1 
5 (DNA1 1683) (SEQ. ID, No. 13 ) 



3 ■ TCAACACTGCATGT- 5 ' (PNA 1 6/DNA) (SEQ. ID. No. 14) 

In order to perform solid-state DNA sequencing, template strand 
DNA1 1683 was 34>iotinylated by terminal deoxynudeotidyt transferase. A 30 fx] 

1 0 reaction, containing 60 pmol of DNA 1 1683, 1 .3 nmol of biotin 1 4-dATP (GiBCO BRL. 
Grand Island, NY), 30 units of terminal transferase (AmerHham, Arlington Heights, 
Illinois), and lx reaction buffer (supplied with enzyme), was incubated at 37 °C for 1 
hour. The reaction was stopped by heat inactivation of the terminal transferase at 70° C 
for 10 min The resulting product was desalted by passing through a TE-1 0 spin column 

1 5 (Clonetech). More than one molecules of biotin- 14-dATP could be added to the 3-end 
of DNA 1 1683. The biotinylaied DNA 1 1 683 was incubated with 0.3 mg of Dynal 
streptavidin beads in 30 pi lx binding and washing buffer at ambient temperature for 30 
min. The beads were washed twice with TE and redissolved in 30 jil TE, 1 0 i<] aliquot 
(containing 0.1 mg of beads) was used for sequencing reactions. 

20 The 0. 1 mg beads from previous step were resuspended in a 1 0^] volume 

containing 2 pi of Sx Sequenase buffer (200 mM Tris-HCl, pH 7. 5, 1 00 raM MgC12, and 
250 mM NaCI) from the Sequenase kit and 5 pmol of corresponding primei 
PNAI6/DNA. The annealing mixture was heated to 70 °C and allowed to cool slowly to 
room temperature over a 20-30 min time period. Then 1 jtl 0 I M dithiothreitol solution. 

25 1 |il Mn buffer (0.15 M aodhim isootrate and 0 1 M McC 12), and 2^1 of diluted 

Sequenase (3.25 units) were added The reaction mature was divided into four aliquot* 
of 3 pi each and mixed with termination mixes (each consists of 3 jd of the appropriate 
termination mix: 32 jiM c7dATP, 32 pM dCTP, 32 \xM c7dGTP, 32 jiM dTTP and 3.2 
jiM of one of the four ddTNP^ in 50 mM NaCI). The reaction mixtures were incubated 

30 at 37°C for 2 min. After the completion of extension, the beads were precipitated and 
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the supernatant was removed. The beads were washed twice and resuspended in TE and 
kept at4*C. 

Segaaicfagjfl ~$-mtr terget 
3 Sequencing complex: 

5 p -AAGATCTGACCAGGGATTCGGTTAGCGTGACTGCTGCT6t:TGCTGCTGCTGC 
TGGATGATCCGACGCATCAGATCTCG- (A b ) n -3 (SEQ, ID. NO. 15) (TNR.PLASM2) 
3 1 -CTACTAGGCTGCGTAGTC-5 1 (CMi ) (SEQ. ID. NO. 16) 

The target TNR.PLASM2 was biotinylated and sequenced using 
10 procedure* similar to those described in previous section (sequencing a 39-mer target) 

Se quencing a 1 S etter larpei with partially duplex probe 

Sequencing complex: 
5 ~ (SEQ. ID No. 17) 

3 • - r -GATGATCC3ACGCA1-CACAGCTC 

3 . 3 r (SEQ, ID. No. 18) 

15 -b-CTACTAGGwTGCGTAGTGTCGAGAACCTTGGCT 

CMIB3B was immobilized on Dynabeads M2R0 with streptividin (Dyoal, 
Norway) by incubating 60 pmol of CM1B3B with 0.3 magnetic beads in 30 [i\ IM NaCI 
and TE (lx binding and washing buffer) at room temperature for 30 mia The beads 

20 were washed twice with TE and red issolved in 30 pJ TE. 10 or 20 pi ahquot (containing 
0. 1 or 02 mg of beads respectively) was used for sequencing reactions. 

The duplex was formed by annealing corresponding aliquot of beads from 
previous step with 10 pmol of DFl laSF (or 20 pmol of DF1 laSF for 0.2 mg of beads) in 
a 9 p) volume containing 2 pi of 5x Sequenase bufter (200 mJvl Tris-HCl, pH 7.S, 100 

25 mM MgCl 1 , and 250 mM NaCI) from the Sequenase kit. The annealing mixture was 
heated to 65°C and allowed to cool slowly to 37°C over a 20-30 min time period. The 
duplex primer was then mixed with 10 pmol of TS! o (20 pmol of TS10 for 0.2 mg of 
beads) in 1 pi volume, and the resulting mixture was further incubated at 37"C for 5 min, 
room temperature for 5-10 min. Then I pi 0. 1 M dhhsothwtol solution, 1 pi Mn buffer 

30 (0.15 M sodium isodtrate and 0.1 M MnCl^ and 2 pi of diluted Sequenase (3.25 units) 
were added. The reaction mixture was divided int four aliquot* of 3 pi each and mixed 
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with tenranarion mixes (each consists of4 ul of the appropriate termination mix: 16 jiM 
dATP, J 6 |iM dCTP, 16 dGTP, 16 fiM dTTP and 1 .6 nM of one of the four 
ddNTPs, in 50 mM NaQ). The reaction mixtures were incubated at room temperature 
for 5 min, and 37 D C for 5 min. After the completion of extension, the beads were 
5 precipitated and the supernatant was removed. The beads were resuspended in 20 jil T£ 
and kept at A °C An aliquot of 2 ul (out of 20 jtl) from each tube was taken and mixed 
with 8 til of formainide, the resulting samples were denatured at 90-95 9 C for 5 nriti and 2 
* lit (out of 10 til total) was applied to an ALF DNA sequencer (Pharmacia, Piscataway, 
NJ) using a 1 0% polyacrylamide gel containing 7 M urea and 0. 6x TBE. The remaining 
] 0 aliquot was used for MALD1-TOFMS analysis 

MALT)} sample preparation and instru mentation 
Before MALD1 analysis, the sequencing ladder loaded magnetic beads 
were washed twice using 50 mM ammonium citrate and resusp ended in 0.5 ul pure 
15 water. The suspension was then loaded onto the sample target of the mass spectrometer 
and 0.5 jiJ of saturated matrix solution (3-hydropicolinic acid (HPA) ammonium citrate 
= 10: 1 mole ratio m 50% acetonitrile) was added. The mixture was allowed to dry prior 
to mass apectometer analysis 

The reflectron TOFMS mass spectrometer (Vision 2000, Finnigac MAT, 
20 Bremen, Germany) was used for analysis. 5 kV was applied in the ion source and 20 kV 
was applied for postaccderation All spectra were taken in the positive ion mode and a 
nitrogen laser was used. Normally, each spectrum was averaged for more than 100 shots 
and a standard 25-point smoothing was applied 

25 RESULTS AM> PFSCUSStQNS 

QSDXmhml sulid*iat£ sequeneinv 

In conventional sequencing methods, a primer is directly annealed to the 
template and then extended and terminated in a Sanger dideoxy sequencing. Normally, a 
triotinyiated primer is used and the sequencing ladders are captured by streptavidin- 
30 coated magnetic beads. After washing, the products are eluted from the beads using 

EOT A and fonnamide. However, our previous findings indicated that only the annealed 
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strand of a duplex is des orbed and the immobilized strand remains on the beads (Tang, K. 
et al., (1995) Nucleic Acids Research 25:3126-3131). Therefore, it is advantageous to 
immobilize the template and anneal the primer. After the sequencing reaction and 
washing, the beads with the immobilized template and annealed sequencing ladder can be 
5 loaded directly onto the mass spectrometer target and mix with matrix. In MALDI, only 
the annealed sequencing ladder will be desorbed and ionised, and the immobilized 
template will remain on the target. 

A 39-mer template (SEQ. ID. No. 13) was first biotinylated at the 3' end 
by adding biotin- 14-dATP with terminal transferase. More than one biotii*- 14-dATP 
10 molecule could be added by the enzyme However, since the template was immobilized 
and remained on the beads during MAI -Ol, the number of biot in- 14-dATP would not 
affect the mass spectra. A 14-mer primer (SEQ. ID. No. 14) was used for the solid-state 
sequencing. MAl-DT-TOF mass spectra of the four sequencing ladders are shown in 
Figure 32, and the expected theoretical values are shown in Table HI. The sequencing 
15 reaction produced a relatively homogenous ladder, and the full-length sequence was 

determined easily. One peak around 5150 appeared in all reactions are not identified. A 
possible explanation is that a small portion of the template formed some kind of 
secondary structure, such as a loop* which hindered sequenase extension. Mis- 
incorporation is of minor importance, since the intensity of these peaks were much lower 
20 than that of the sequencing ladders. Although 7-deaza purines were used to Hie 
sequencing reaction, which could stabilize the N-glycosi<fic bond and prevent 
depimnation, minor base losses were still observed since the primer was not substituted 
by 7-deazapurines. The full length ladder, with a ddA at the 3' end, appeared in lite A 
reaction with an apparent mass of 1 1K99 8. However, a more intense peak of 122 
25 appeared in all four reactions and is likely due to an addition of an extra nucleotide by the 
Sequenase enzyme. 
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The same technique could be used to sequence longer DNA fragments. A 
78-mer template containing a CTG repeat (SEQ. ID, No. 1 5) was 5'-biotiny]ated by 
adding biotin-14-dATP with terminal transferase. An 18-mer primer (SEQ. ID. No. 16) 
was annealed right outside the CTG repeal &q that the repeat could be sequenced 
immediately after primer extension. The four reactions were washed and analyzed by 
MALDI-TOFMS as usual. An example of the G-reaction is shown in Figure 33 and the 
expected sequencing ladder is shown in Table IV with theoretical mass values for each 
ladder component. All sequencing peaks were well resolved except the last component 
(theoretical value 20S77.4) whs indistinguishable from the background. Two neighboring 
sequencing peaks (a 62-mer and a 63-mer) were also separated indicating that such 
sequencing analysis could be applicable to longer templates. Again, an addition of an 
extra nucleotide by the Sequenase enzyme was observed in this spectrum. This addition 
is not template specific and appeared in al! four reactions which makes it easy to be 
identified. Compared to the primer peak, the sequencing peaks were at much lower 
intensity in the long template case. Further optimization of the sequencing reaction may 
be required. 
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TABLE IV (Continued! 
ddAT 

54bJ1.6 



10 



15 



25 



30 



35 



40 



45 



50 



55 



2. 
3. 
4. 
a. 
6. 



607b. 0 



7009. e 



7341.2 



8872. e 



9804.4 



10736. C 



9, 
10, 
11. 
12, 
13, 
14* 
15. 
10. 
17. 
IS. 
15- 
20. 

21. 11667, 6 

22. 

23. 

24- 35599.2 
25. 

2t>. 
27. 

29. 13835.0 

29. 

30. 

31. 

32 » 

33! 15360.0 

34- 15673.2 

35. 

36. 

37. 

38. 16854.0 
33. 17207,2 
40- 
41. 
42. 
43. 
44. 
45, 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
*>3- 
54. 
55. 



20240.2 
2389D.6 



ddCTP 

5491. e 
5764 . 8 



6G9&. 4 

7628,0 

8559.6 

9491,2 

10422.fi 

11354-4 

122*6.0 

13521.8 
14124.2 
14742. 6 



15562.4 
16251.6 



17800.6 
180B9.8 
18379.0 



13935.0 



dde*F 
54 91.6 



6407-2 

7338.8 

8270,4 

9292.0 

1C133.6 

11065.2 

1196.8 

1292B. 4 

14453.4 



ddTTP 

5491*G 



16580. U 



19012*4 
19341.6 



20577.4 
2HE4.C 



13232.6 



15046.8 



17511.4 

1BCB3.2 
19645. E 

21134.8 

21788.?. 
22C92.4 



60 
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Sequencine usmtr du plex DMA probes far cqptoring and priinme 
Duplex DNA probes with single^stranded overhang have been demonstrated to 
be able to capture specific DNA templates and also serve as primers for solid-state sequencing. 
The scheme is shown in Figure 34. Stacking interactions between a duplex probe and a single- 
5 stranded template allow only 5-base overhand to be sufficient for capturing. Based on this 
format, a 5' fluorescent-labeled 23-nier (S'-GAT GAT CCG ACG CAT CAC AGC TC) (SEQ. 
ID. No. 19) was annealed to a S^biotinylatcd 18*mer (5-GTG ATG CGT CGG ATC ATC) 
(SEQ. ID. No. 20), leaving a 5-base overhang A 15-mer template (5 r -TCG GTT CCA AGA 
GCT) (SEQ ID. No. 21) was captured by the duplex and sequencing reactions were performed 

1 0 by extension of the 5 -base overhang. MALDI-TOF mass spectra of the reactions are shown in 
Figure 35. All sequencing peaks were resolved although at relatively low intensities. The last 
peak in each reaction is due to unspecific addition of one nucleotide to the full length extension 
product by the Sequenase enzyme. For comparison, the same products were run on a 
conventional DNA sequencer and a stacking fluorogram of the results is shown in Figure 36. 

IS As can be seen from the Figure, the mass spectra had the same pattern as the fluorogram with 
sequencing peaks at much lower intensity compared to the 23-mer primer. 

Improvements of MALD1- TOF mass spectrometry as g detection techniq ue 
Sample distribution can be made more homogenous and signal intensity could 

20 potentially be increased by implementing the picoliter vial technique. In practice, the samples 
can be loaded on small pits with square openings of 100 urn size. The beads used in the solid- 
state sequencing is less than 10 urn in diameter, so they should fit well in the microliter vials 
Mtcrocrystals of matrix and DNA containing "sweet spots" will be confined in the vial Since 
the laser spot size is about 100 pm in diameter, H will cover the entire opening of the vial. 

25 Therefore, searching for sweet spots will be unnecessary and high repetition-rate laser (e.g. 
>10Hz) can be used for acquiring spectra. An earlier report has shown that this device b 
capable of increasing the detection sensitivity of peptides and proteins by several orders of 
magnitude compared to conventional MALD1 sample preparation technique. 

Resolution of MALDI on DNA needs to be farther improved in order to extend the 

30 sequencing range beyond 100 bases. Currently, using 3-HP A/ammonium citrate as matrix and a 
reflection TOF mass spectrometer with 5k V son source and 20 kV postaccderation. the 
resolution of the run-through peak in Figure 33 (73-mer) is greater than 200 (FWHM) which is 
enough for sequence determination in this case. This resolution is also the highest reported for 
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MALDI desorbed DNA ions above th 70-nicr range. Useofth d layed extraction technique " 
may further enhance resolution 

All of the above-cited references and publications are hereby incorporated by 

reference. 

5 FrOUTVA^NTS 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, numerous equivalents to the specific procedures described herein. 
Such equivalents are considered to be within the scope of this invention and are covered by the 
following claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION : 
5 <i} APPLICANT: Xoster, Hubert 

lixj TITLE OF INVENTION; DNA SEQUENCING 3Y MASS SFEZTROKETRY 
• iii) NUMBER OF SE0UEKCES? 21 

10 

<iv) CORR2 S PON DEN CE ADDRESS: 

(Al ADDRESSEE! Patent Group 

roley, Koag 1 Eliot LLP 
f B) STREET: One Post Office Square 
15 \C) CITY: Bafiton 

<D) STATE: MA 
<F.) COUNTRY: USA 
<F) ZIP: 02109-2170 

20 <v) COMPUTER READABLE FORM: 

(A> KEDIUM TYPE: Floppy disk 
fSI COMPUTER: IBM ?C Compatible 
\Z) OPERATING SYSTEM; PC- D05/MS-OOS 
(O) SOFTWARES ASCII I Text ) 



25 



30 



Cvi> CURRENT APPLICATION tJATAi 
\A) APPLICATION NUMBER : 
<B) FILING DAT Ei 1*-KAR-1997 
CO CLAS5: FICATIOK: 

ivii) PRIOR APPLICATION DATAi 

(A} APPLICATION NUMBER* 0*/ 617, 013 
(31 FILING BATEt 18-MftR-199$ 



35 <viii> PRIOR APPLICATION DATA: 

'A) APPLICATION NUMBER: 08/176,215 
{B> FILING DATE: 06-.7AN-1994 
(C! CLASSIFICATION 

40 (ix) ATTORNEY / AG EHT IM FORMAT I ON i 
I A) KAME: Aimald, Beth E. 
<B) REGISTRATION NUMRRR: *% t 430 
IC) REFERENCE/ DOCKST NOK3KRI SQA-3.2S-27 
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(XI T fiLECOMMUN J CATI ON IHPOFHATION: 
iA) TELEPHONE: (611) 332-1294 
{*) T5LCFAX: \61*i) 632-79U0 

5 

<2) IflFORMA?IOfl tor £EQ ID NO:li 

(i) SEQU5NC3 CHARACTERISTICS: 
\K i KNOT H; 14 base pairs 
10 "B) TYPE: nucleic acid 

(Cj STRANDEDNE33: single 
(D) TOPOLOGY; linear 

MOLKTULE TYPE: other nucleic acid 

15 

(iii> HYPOTHETICAL: YES 



(Xi) SEQUENCE DESCRIPTION; SZQ ID NO:l: 

20 

CATCCCATGtf CATC- 

{2: IKFOPMAT:OK FOR SCO ID 

25 <i> SEQUENCE CHARACTER! STICSs 

{Al LENGTH: 21 base pai*fl 
IB; TYPE: nucleic acid 

(C) STPAKDEDNESS: single 

(D) TOPOLOGY: linear 

30 

<ii1 MOLECULE TYPE: other nvicle^c Add 
Uii) HYPOTHETICAL: YES 

35 

(ju) SEQUENCE DESCRIPTION: SEQ IB HO: 2 
AAATTGTGCA CATCC7GCAG C 

40 

(2) INFORMATION FOR STO 13 N0l3: 



\D sstfrEWC?. characteristics; 
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(A) LSKGTH: 50 base pairs 

(B) TYPE; nucleic acid 
\C) 5TRWDEDNESS: single 
(DJ ToroLOC-Y: linear 

Hi) MCLECULE TYPE: other nucleic Acid 

liii) HYPOTHETICAL: YSS 



10 



Ui> SEQUENCE DESCRIPTION: SEQ ID W0i3: 
TAA3GGTCAT TACGGCCATT GACTGTAGGA CC7CCATTAC A7GACTAGCT SO 

15 

<2) I H FO FMAT IOtf FOR SEG NO: 4: 

:i! SEQUENCE CHARACTERISTICS 3 
20 <A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 
(CI STRANDEDHES5; single 
(Di TOPCLOHY: linear 

25 Ui> MOLECULE TYPE: other nucleic acid 

<UiJ HYPOTHETICALs YES 



30 

ixi) SEQUENCE DESCHT PTTON : fiEQ ID HO: 4: 
TAAAACCACG GGCCAGXO 

3S 

1.31 INFORMATION FOR SEQ ID NO: 5 

(ij SE0VENCE CHARACTERISTICS t 
(A) LENGTH: 17 baeo pairs 
40 (B> TY*£: nucleic acid 

fCl STFAMDEDNESS: single 
:D1 TOPOLOGY: linear 
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(11) MOLECULE TYPE: other nucleic aci<J 
(Hi) HYPOTHETICAL: YES 

5 

I XX I SEQUENCE DESCRIPTION: SEQ JD NC;5i 
XAAAACGACC GGCCASXtf 

10 

(2) INFORMATION FOR SEC ID MOs6: 

(j) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH; >B base pairs 

(B) TYPEi nucleic acid 

(C) STRANDEDNESS: dingle 
( d) TOPOLOGY s lineai 

20 (ii: MOLECULE TYPE: cPNA 



IXil SEQUEJa'E DESCRimON: SEQ ID NOjOj 

25 

GTCACCCTCS ACCTGCAG 

(2) INFORMATION FOR SEQ IP NO: 7: 

30 \D SEQUENCE CHARACTERISTICS 5 

(A) LENGTH: 19 base paix* 
(B1 TYPE: nucleic acid 
!C> STHANDFENES5: single 
O) IDEOLOGY i linear 

35 

(ill MOLECVUJ TYPE: cDNA 



40 \Ki\ SEQUENCE DESCRIPTION t SEQ ID MO; 7s 
TTGTAAAACG ACGGCCA6T 



.0 
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(21 INFORMATION FOR 5BQ ID NO: 8: 



(i> S30UEKCS CHARACTERISTICS: 
(A) LENGTH ; IB base pairs 
5 (BJ TYPE: nucleic acid 

{O STRAHDEDNESS i single 
<D> Torr>U)GY: linear 



(ii: MOLECULE TYP?.: cDNA 

10 



t*±] SEQUENCE DESCRIPTION' j SEO ID NO: 8: 



15 CTTCCACCGC GAI'TCTGA 



U> INFORMATION FOR SEC ID HO: 9: 



<i> SEQUENCE CHARACTERISTICS : 
20 !AJ LENGTH: 17 base pairs 

<B1 TYPEr nucleic acid 
(Cj S T RANDEEHES S ; single 
• Di TOPOLOGY: linear 

25 fii) MOLECULE TYPE: cDNA 



30 



(xil SSQU^iCE DESCRIPTION: SEQ ZD NO«9: 
CAGGAAACAG CTATSAC 



<2> INFORMATION ?OR SEQ ID NOrlO: 



35 (i: SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 11 fc&ac pairs 

(B) TYPE* nucleic acid 

(C) STRANCEDNESS; siu^lfe 
(C) TOPOLOGY: l_ueax 

40 

<ii> MOLECULE TYPE: CDKA 
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ixi) s3*rjENct: description? seq id N0;ic= 

CTAAAACGAC GGCCAOT 

5 INFORMATION ffOR oKQ ID NO; lis 

(i) SEQUENCE CHARACTERISTICS: 
IAJ LENGTH: 19 base pairs 
(Bi TYEE? nucl«iu acid 
10 (wi STRANDEDHESS: single 

(Dl TOPOLOGY: linear 

MOlSCW-F. T*i?E: cDNA 

15 

(i,x) FEATURE : 

1A> NAME/ KEY: misr^reaturr 
f B) LOCATION: 1..1& 

(D3 OTHER INFORMATION: /no:e= "All lowercase letters 
20 represent PiboG" 

SE2UEXCE DESCRIPTION: SEQ ID NOs 11 : 

25 GTCACCCT'G ACCTGCA^C 

12) INFORMATION FOR SEQ ID NCsl2: 

(1) SEQUENCE CHARACTERISTICS: 
30 th\ LENGTH: 20 base pair£ 

(B) TYPE: nucleic acic 
it) STRAN0EDKESS1 single 
(D* TOPOLOGY: linear 

35 iiii MOLECULE TYPE: cDNA 



li*) FEATURE: 

(A i NAME/KEY: miac_i eature 
40 <B> LOCATION x 

i.D) OTHER TNFORMATIOK: /note- "AU lowercase let 
represent RiboG" 
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{XD SEQUENCE. DESCRIPTION: SEQ ID NO: 12: 

GTl'GTAAAAC GAGCrrCCAcrT 50 

5 r 2 I INFORMATION* FOR SEQ ID NO: 13: 

ti> SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 3» t»se pairs 
(B> TYPE: nucleic acid 
10 (C) STRAND2DNE5S : single 

(D) TOPOLOGY* linear 

(it) HOLECUJX TYPES c3NA 

IS 

fxi> SEQUEKSE DESCRIPTION: SSQ ID HO: 13: 

TCTGGCCTSG TGCA3GGCCT ATTGVAGTTG TGACGTACA 3* 

20 \2) I N FORMATION FDR SEQ ID HO: 14: 

(il SEQUENCE CHARACTER 131*1 C3 : 
fA} LENGTH: 14 base pairs 
1B) TYPE: nucleic acid 
25 <C1 5 T "HANDEDNESS : single 

<B] TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDHA 

30 

txil 3EQU3NC3 DESCRIPTION: SEQ ID NO: 14: 
TCAACACTSC ATGT 14 
35 <2) INFORMATION FOR SEQ ID NO: IS: 

(i; SEQUENCE CHARACTERISTICS t 

(A) :.3KGTKj 78 hose paitfi 

(B) TYPE: nuel<?13 acid 
40 (C) STRANDEDNE3S; single 

(U> TOPOLOGY: linear 



(ill MOLECULE TYPE: sDNA 
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(xi) SEQUENCE DESCRIPTION: 5L*Q Ii) NO: 15: 
5 AAGATCTGAC CA3GGATTC5 CTTAGCGTGA CTGCTGCTSC TGCTGCTGCT GCTGoATGAT 

CCGACGCATC AGATCTGG ">g 
(2) INFORMATION FCR SEQ ID NO: 3.6 s 

10 

Ul SEGVEWCF CHARACTERISTICS: 
(A) LSNGTfl: If! base pairs 
<B) TY?E: nucieic acid 
(C) STRANDEBNESS; 3in?ie 
15 IC) TCPOLOC-Y: 4.inear 

(ii) M0LBCUL5 TYPE: OKA 



*xi) SEQUENCE INSCRIPTION; SEQ ID 

CTACTAGGCT GCGTAGTC 

25 12! INFORMATION FOR SEQ ID NO: 17s 

(i) SEQUENCE CHARACTEHISTICS: 
(A> LENC-TH: P3 base pairs 
(B) TYPEt nucleic acid 
30 (c) staandednesS: single 

CD) TOPOLOGY* linear 

til) MOLECULE TYPE: cDNA 

35 

i*L) SEQUENCE DESCRIPTION! SEQ ID NO:l7i 
GATSATCCCA CGCATCACAG CTC 
40 (2> INFORMATION FOR SEQ TTl KO1I6: 

;ii seguEHCE characteristics! 

(A) LENGTH: 33 baa* pain 
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[h't TYPE: nucleic acia 

(C) STRWDEDHESS: single 

(D) TOPOLOGY; lit»f*ix 



5 (ii) MOLECULE TYPE; cDNA 



fxi) SEQUENCE DESCRIPTION: SBQ ID MO: 16: 



10 CTACTAG3C7 GC3TAGTGTC GAGAACCTTG GCT 
(2; IKFORHATTON FOR SEQ ID NOilS; 



U> SEQUENCE CHARACTERISTICS: 
15 :A) LENGTH: TS base pairs 

,;B) TYPE: &uel*ic afiid 
iC) ST RAMDEDNES S : single 
•D) TOPOLOGY: linear 

20 Ui> MOLECULE TYPE: cDNA 



ixl) SE0U3NCE DESCRIPTION: SE3 ID WO; 19: 

25 

GATGATCCGA PGCATCACAG CTC 

•2) IN FORMAT ION FOR SCQ ID HO:ZQi 

30 (i! SEQUENCE CHARACTERISTICS ; 

(A) LENGTH J )S bas« pairs 
<B> TYPE: nucleic acid 
<C) STRANDEDNESS3 single 
(D) TOPOLOGY: linear 

35 

iii! MOLECJLE TYPE: cDHA 



<xi! SEQUENCE DESCRIPTION: SEO ID NO:2C: 

40 

GTGATGCCTC GGATCATC It 
\T> I H FORMATT 0W FOR SEC ID HO: 21: 
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:i1 SEQUSKCE CKARACTERISTIwS: 
(AS LENGTH: 15 baae pairs 
(s; TYPE: nucleic aoid 
(CJ S^RANDSEWSSS: single 
S {U- TOPOLOGY: linear 

MOLfiJUJ^F. TYPE: cDMA 



(xj.) SEQUENCE DESCRIPTION: SEO ID NO: 21 1 



TCGGTTCCAA GAGCT 
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CLAIMS 

1 . A method for determining the sequence of a nucleic acid, comprising the 
steps of: 

n) generating at least two base-specifically terminated nucleic acid 
fragments containing modified purine nucleotides that are relatively 
resistant to fragmentation during mass spectrometry; 

b) determining the molecular weight value of each base-specifically 
terminated fragment by mass spectrometry, wherein the molecular weight 
values of at least two base-specifically terminated fragments are 
determined concurrently; and 

c) determining the sequence of the nucleic acid by aligning the base-specifically 
terminated nucleic acid fragments according to molecular weight. 

2. The method according to claim I wherein the nucleic acid fragments are 
purified before the step of determining ihe molecular weight values by mass 
spectrometry. 

3 . The method according to claim 2 wherein the nucleic add fragments are 
purified, comprising the steps of 

a) reversibly immobilizing the nucleic acid fragments on a solid 
support; and 

b) washing out all remaining reactam* and by-products. 

4. The method according to dabi 3, further comprising the step of removing the 
nucleic acid fragments from ihe solid support. 
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5. The method of claim l t wherein the fragments contain deazapurine moieties. 

6. The method of claim 1 , wherein the deaza purine moieties are selected from 
5 the group consisting of: C 7 -deazaadeninc, C'-deazaguamne, 7-deazainosine 

triphosphate, C 9 -deazaadenine. C'-deazaguanine and C-deazainosine 
triphosphate. 

7. The method of daim 1 , wherein at least ahout 50% of the purine nucleotides 
10 are modified within the nucleotide fragment. 

8. A process of claim 1 wherein the mass spectrometer ia selected from the 
group consisting of. Matrix-Assisted Laser Desorptienflonizabon Time-of-Fhght 
(MALDI-TOF), Electrospray (E$). Ion Cyclotron Resonance (ICR).and Fourier 

1 5 Transform and combinations thereof. 

9. The method according to claim 1 , wherein more than one species of nucleic 
acid are concurrently sequenced by multiplex mass spectrometric nudaic arid 
sequencing employing nucleic acid primers, chain-elongating nucleotides, and 

20 chain-terminating nucleotides, wherein one of the sets ofbase-specifically 

terminated fragments is unmodified and the other sets of base-specifically 
terminated nucleic acid fragments are mass modified, and each of the sets of 
base-specifically terminated nudeic acid fragments has a sufficient mass 
difference to he distinguished from the others by mass spectrometry . 

25 

10. The method according to claim 9. wherein at least one of the sets of maw- 
modified ease-specifically terminated fragments is modified with a mass- 
modifying fimctionality at a heterocyclic base of at least one nucleotide. 



30 



1 1 . The method accoc ding to daim 10, wherein the heterocydic base-modified 
nucleotide is sdected from the group consisting of a cyiosine nudeotide 
modified at C-5. a thymine nudeotide modified at C-5. a thymine nudeotide 
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modified at the C-5 methyl group, a uracil nucleoid modified at C-5, an adenine' 
nucleotide modified at C-8, an adenine nucleotide modified ai C-7, a c 7 - 
deazaaderane modified at C-8, a c 7 -deazaadenine modified al C-7, a guanine 
nucleotide modified at C-8, a guanine nucleotide modified at C-7, a c 7 - 
5 deazaguanine modified at C-8, a c 7 -deazaguanine modified at a 

hypoxanthine modified at C-8, a c'-dea2ahypoxanthine modified at C-7, and a c 7 - 
deazahypoxanthine modified at C-8. 



12. The method according to claim 9, wherein at least one of die sets of mass- 
1 0 modified base-specifically terminated nucleic acid fragments is modified with a 

mas 2 -modifying functionality attached to one or more phosphate moieties of the 
intemudeotidic linkages of the fragments 

1 3. The method according to claim 9, wherein at least one of the sets of mass- 
1 5 modified base-specifically terminated nucleic acid fragments is modified with a 

mass-modifying functionality attached to one or more sugar moieties of 
nucleotides within the set of mass modified base-specifically terminated 
fragments at at least one sugar position selected from the group consisting of a 
C-2' position, an external C- ¥ position, and an external C-5' position. 

20 

14. The method according to claim 9. wherein ai least one of the sets of mass- 
modified base~specificalJy terminated nucleic acid fragments is modified with a 
ma&5-inodifymg functionality (M) attached to the sugar moiety of a 5 '-terminal 
nucleotide and wherein the mass-modifying function (M) is the finking 

25 functionality (L). 



15. The method according to daim 9, wherein a mass-modifying functionality 
(M) is attached to a set of base-specifically terminated nucleic acid fragments 
subsequent to generating the base-specifically terminated nucleic add fragments 
30 and prior to determining the molecular weight values for the nested fragments by 

mass spectrometry. 



-92- 



PCTAJS97rtM39<l 



1 6. The method according to claim 1 5, wherein the base-specifically terminated 
nucleic acid fragments are generated using at teast one reagent selected from the 
group consisting of a nucleic acid primer, a chain-eiongating nucleotide^ a chain- 
terminating nucleotide and a tag probe which lias been modified with a precursor 
of the mass-modifying functionality, M; and a subsequent step comprises 
modifying the precursor of the mass-modifying functionality to generate the 
mass-modifying functionality, M, prior to mass spectrometric analysis. 

1 7. The method according to claim 9, wherein mass differentiation nr die tag 
probes is achieved by changing the nucleotide composition of at least one of the 
tag probes and complementary tag sequence in the species of nucleic acid. 

1 8. The method according to claim 9, wherein the tag probes are covalently 
bound to the corresponding complementary tag sequence prior to mm 
spectrometric analysis. 

19. The method according to claim 18, wherein binding between the tag 
probes and the corresponding complementary tag sequences b achieved 
photochemically via photoactivatable groups. 

20 A method of sequencing a nudeic acid, comprising the steps of: 

a) reverably finking an oligonucleotide primer to a solid support; 

b) generating at least two base-specifically terminated nucleic acid 
fragments containing nucleotides that are relatively resistant to 
fragmentation during mass spectrometry; 

c) determining the molecular weight value of each nested fragment 

in each of the four sets of base-specifically terminated fragments of the nucleic 
add by matrix assisted laaer desoiption/ionization mass spectrometry 
wherein the molecular weight values of at least two base-specifically terminated 
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fragments are determined concurrently and wherein the nested fragments are 
cleaved from the solid support by a laser during mass spectrometry; and 

d) determining the nucleotide sequence by aligning (he base 

specifically terminated fragments according to molecular weight. 

2 1 . The method according to claim 20 wherein the nucleic acid fragments are 
purified before the step of determining the molecular weight values by mass 
spectrometry. 

22 The method according to claim 21 wherein the nucleic acid fragments are 
purified > comprising the steps of: 

a) reverslbly immobilizing the nucleic acid fragments on a solid 
support; and 

b) washing out all remaining reactants and by-products. 

23. The method according to claim 22, further comprising the step of 
removing the nucleic acid fragments from the solid support. 

24. The method of claim 20, wherein the fragments contain deazapurine 
moieties. 

25. The method of claim 20, wherein the deaza purine moieties are selected 

7 7 
from the group consisting of: C -deazaadenine, C -deazaguamnc, 7- 

9 9 9 

deazainostne triphosphate, C -deazaadenine, C -deazaguaninc and C - 

deazainosine triphosphate. 

26. The method of claim 20, wherein at least about 50% of the purine 
nucleotides are modified within the nucleotide fragment. 
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11. A process f claim 20 wherein the mass spectrometer is selected from the 
group consisting of: Matrix-Assisted Laser Desorption/lorfaation Time-of-Flight 
(MALDI-TOF), Electrospray (ES). Ion Cyclotron Resonance (ICR), and Fourier 
Transform and combinations thereof. 

5 

28. The method according to claim 20, wherein more than one species of nucleic 
acid are concurrently sequenced by multiplex mass spectrometric nucleic acid 
sequencing employing nucleic acid primers, chain-elongating nucleotides, and 
chain-terminating nucleotides, wherein one of the sets of bise-speeifically 
j o terminated fragments is unmodified and the other sets of base-specifically 

terminated nucleic acid fragments are mass modified, and each of the sets of 
base-specifically terminated nucleic acid fragments has a sufficient mass 
difference to be distinguished from the others by mass 
spectrometry. 

15 

29 The method according to claim 28. wherein at least one of the sets of mass- 
modified base-specifically teiminated fragments is modified with a mass- 
modifying functionality (M) at a heterocyclic base of at least one nucleotide. 

20 30. The method according to claim 29, wherein the heterocyclic base-modified 

nucleotide is selected from the group consisting of a cytosine nucleotide 
modified at C-5, a thymine nucleotide modified at C-5, a thymine nucleotide 
modified at the C-5 methyl group, a uracil nucleotide modified at C-5, an adenine 
nucleotide modified at C-», an adenine nucleotide modified at C-7, ac- 

25 dea*aadenine modified at C-8, a c 7 -ceazaadenme modified at C-7, a guanine 

nucleotide modified at C-X, a guanine nucleotide modified at C-7. a c - 
deazaguanine modified at C-8. a J-deazaguanine modified at C-7, a 
hypojtanthme modified at C-8. a c 7 -deazah>poxanthine modified at C-7. and a 
c -dcazahypoxanthine modified at C-8. 



30 



31. The method according to claim 28, wherein at least one of the sets of mass- 
modified base-specifically terminated nucleic acid fragments is modified with a 
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mass-modifying functionality (M) attached to one or more phosphate moieties of 
the internuclcotidic linkages of the fragments. 

32. The method according to claim 28, wherein at least one of the sets of mass- 
modified base-specifically terminated nucleic acid fragments is modified with a 
mass-modifying functionality (M) attached to one or more sugar moieties of 
nucleotides within the set of mass modified base- specifically terminated 
fragments at al least one sugar position selected from the group consisting of a 
C-2 4 position, an external O 3* position, and an external C-S' position. 

33 The method according to claim 28, wherein at least one of the sets of mass- 
modified base-specifically terminated nucleic acid fragments is modified with a 
mass-modifying functionality (M) attached to the sugar moiety of a SMermmal 
nucleotide and wherein the mass-modifying function (M) i$ the linking 
functionality (I<). 

34. The method according to claim 28, wherein a mass-modifying functionality 
(M) is attached to a set of base- specifically terminated nucleic acid fragments 
subsequent to generating the base-specifically terminated nucleic acid fragments 
and prior to determining the molecular weight values for the nested fragments by 
mass spectrometry. 

35. The method according to claim 34, wherein the base-specifically 
terminated nucleic add fragments ire generated using at least one reagent 
selected from the group consisting of a nucleic acid primer, a chain-elongating 
nucleotide, a chain-terminaiing nucleotide and a tag probe which has been 
modified with a precursor of the mass-modi lying functionality, M; and a 
subsequent step comprises modifying the precursor of the mass-modifying 
functionality, M, to generate the mass-modifying functionality, \t prior to mass 
spectrometxic analysis. 
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36. The method according to claim 28, wherein mass differentiation of the tag 
probes is achieved by changing the nucleotide composition of at least one of the 
tag probes and complementary tag sequence in the species of nucleic acid. 

37. The method according to claim 28, wherein the tag probes are covalcntly 
bound to the corresponding complementary tag sequence prior to mass 
specrromelric analysis. 

38 The method according to claim 37. wherein binding betxveen the tag probes 
and the corresponding complementary tag sequences in achieved 
photochemicolly via photoactivatable groups. 

39. A method of multiplex analysis of nucleic acid sequences, comprising the 
steps of: 

a) revcrsibly linking a nucleic acid primer to a solid support; 

b) generating at least two conditioned, base-specifically terminated nucleic acid 
fragments containing modified purine nucleotides that are relatively resistant to 
fragmentation during mass spectrometry; 

c) deterrmning the molecular weight value of each fragment by matrix assisted 
iaser desorptionfionization mass spectrometry wherein the molecular weight 
values of at least two base-specifically terminated fragments are determined 
concurrently and wherein the fragments are cleaved from the solid support by a 
laser during mass spectrometry, and 

d) deterrmning the nucleotide sequence by aligning the fragments according to 
molecular weight; wherein at least ow reagent selected from a group consisting 
of. a nucleic acid primer, a cham-elongating nucleotide, and a chain-tenninatmg 
nucleotide which has been mass^nodified; wherein each set of base-specifically 
terminated fragments has a sufficient mass difference from the other sets of base- 
spectficalry terminated fragments so as to be unique; and wherein the molecular 
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w ight values of the nested fragments of two or more sets of unseparated base- 
specifically terminated fragments are determined concurrently 

40. The method according to claim 39, wherein the reversible linkage is 
5 aphotoclcavablc bond. 

41. The method according to claim 39 wherein the base-specifically terminated 
fragments are cleaved from the solid support prior to mass spectrometry. 
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FIGURE / 

Figure 2Ai Sanger dna Sequencing Reaction Products with 
dd? Terxination of Hypothetical (SO-mer)- 



5 1 -drAACGGTCWTACCCCC7 k TTGRCTGTAGCRCCTGCATTACATGACrA0Cr 
S'-dT 

5 dTAACGGT 

5 * -dTAAC Q GTCAT 

5 • -dTAACGG frCATT 

5 * -dTAACGGTCATTACGGCCAT 

S v — dT AACGGTCATTACG G CC ATT 

5 ■ — dT AACG GTCATTACG 6 CCATTG ACT 

5 • -dTAAOGGTCATT7*CGGCCATTGACTGT 

S ■ — 4 2 AACGGTCATTACG G C CATTG ACTGTAGG ACCT 

5 1 - d T AACGGTCATTACG G C CATTGACT3TAG GA CCTG CAT 

5 1 -d TAACG GTCATT AC G G C C ATTG ACT STAG GACCfG C ATT 

5 1 - dTAA CGGT CAT? AC G G C C ATTG ACTGTAG G A C CTG CATTACAT 

5 ' -dTAACG GTC ATTACG GC CATTGAC T STAG G A CCTG CATTACAT G ACT 

5 1 -dTAACG GTC ATT ACSGC C ATT GACI GTAG GACCTG CATTACAT GACTAGCT 



3315*24 
S771.C2 
6076.02 
7311. B2" 
7945.22 
10112.63 
11346.43 
116S2.« 
12872.42 
1*103.22 
1S344 .02 



Figure 233 Xdeal±2cd MALM-roF jiass spectrum growing tho 
"ioa current vs. time/aoleoular weight". 
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riffute 3A5 Sanger CKA Becjuencing ficaction Products vifch 
ddA Tarnination of Hypotbetica.1 PKA C50-mer). 

5 ■ -dTMCaGTCATTACGGCCATTGACTGTXGGACCXGC^T^ACATGACTACCX 
^-dTA 530.43 
5'->dTAA 643. €4 

5 > -dtttflCGGTCA 2 697,63 

S ■ -dTAACCGTCATTA 3 * l * - <3 

S 1 -dTJACGGTCATTACGGSCA 545fl . 6 1 
5 ■ -dTAACGGECATTAC3GCC7lTTG7> 6709.42 
5 1 -dTAACGOTCATrACGGCCAMGACTGTA H 2 49 « 42 

S ' - dT AAC G GT C ATTACG GCCATT GACT6TAG G A. 9221. 05 

£ ' -dTAACGGTCATTACGGCCAXTGACTGTAGGACCTGCA 11035 . 22 

5 ' -dYAACGGTCAlTACGGSC^TXGACMTAGS&CCTGCATTA 11955. 82 

S ■ -dTAACGGTCATTACGGCCATTGACTGTACGACCTGCATrACA 12 5 5 9 • 21 

fi • - dTAACGGTC AT I AC GSCC ATTG ACTG T AGG ACCTG CATTJi C J*TG A 135 05. £3 

5 ♦ - d T AAC G GT C ATT ACG GCCATTG ACTG TIS G G AC Z TGC?*T TAC 7*7 G ACT A 14412.42 

Pigure 33; Idealized HALM-TOP Hasa spectrm snowing t&e 
"ion current vs. tine/colccular weight". 
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1 5* -dTp nolecular weight iner&cent9 used: 305.20412 

1 3«-ddA 225.22 <22 

13 dTp 304.ia.6ie 

12 dAp 313.20954 

12 dCp 2B9.1B4S4 

It gcp 329.2C994 
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Flexure 4»t Sanger PKA Sequencing Reaction Products wittt 
ragure 4A- =^ T cnaination ot Hypothetical D1?A (SO-*er>* 

S « - a TAACC GT C ATTACG 3-2C AT T G ACXGTAG G A C C? G C ATT AC AT G ACTAG CT 

S'-dTAACC 147 05 

S"-dTAACGG 1*00.25 

S ■ - dT AACG G7 C ATT AC 6 424 6.84 

5 • -dTAACGGTCATTACGG 457 6 . OS 

5 ' - d r AAC Q GTC A? T ACG G CCATTG €403.23 

5 « -dTAACCSTGATTACGGCCATTGACTG 7641*03 

5 ■ -dTAACGGTCATTACCGCCATTCACTOTAG 8Sfi 7 . €4 

S 1 -dTAACGGTCATTACGGCCATIGACTGTAGG 0 & 16 , 8 5 

S • ^dTAACGGTCATTACGGCCAMGACTSTA&d ACCM 104 41.04 

S 1 - d T AAC G GTC?iTT W26G CCATTG ACTG TAG G A C CTG CATTACAT G 133 03.-63 

5 ' -dTAACGGTCATTACGGCCAMGACTGrAGGACCtTGCATTACATGACrAC 14750.64 

Figure 4B: idealised KALDI^TOT Mass speetrun shoving the 
"ion current V3. tiite/nolecular weight". 
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Figure 5Ai Sanger T)tfA Bequcr.cing Reaction Products vith 
ddC Termination of Hypothetical DMA <5 0-nerj . 



5 ' -dTAACGGTCATrACG3CCATTGACTGTACGACCTuCAT*ACATGACTAGCT 




S'-dTAAC 


1141.84 


5*-dTAACGGTC 


2393.63 


5 f - d T AACG GTCATTAC 


3917.63 


5 > -c TAACCGT C ATTACGGC 


4&6S.23 


5 •-dTAACCGTCATTACGCCC 


5154*42 


5 * -dTAACOGTCATTACGGCCATTGAC 


7007*62 


5 « -dTAACGCTCATTACCGCCATTGACSGTAGGAC 


9S1S.25 


5 1 ~dTAAC G GTC AT TACGG CC ATTG AC? GT AGGfcC C 


9606*43 


5 • - d T AA C GGTC A TTTkC G □ CC AT T Q ACTGTA GG ACC IGC 


10731. 02 


5 ■ - d T AACG GT C ATT AC G G C CAT 1 G ACTGT AGS ACCt CCATT A C 


12255, C2 


5 1 -dTAACGGtCATTACGGCCATTGACTGTAGGACCTGCATTACATGAC 


13804. C2 


S 1 - d 7AACG G^CATTACG C CCATTG AC? GTAGGACCTG CAT TAG AT G ACTA G C 


15039.02 



Figure SB: Zdealiiad KALDI-TOT Kaaa fipcctrtit Shoving the 
"ion current vs. time /molecular veight". 
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Figure 6 c series of Molecular weights of the Hypothetical 
DBA ( sooner) after sendee 6 e fencing una 
Terair.atioD with either dd?PT r ddATP, ddGZP or 
ddCT? respectively. 
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FIGURE 7 
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o,g. for cT-Terminttio»: 
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FIGURE 14 
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FIGURE 20 , COOT 
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FIGURE 27 
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